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The Editor and the Committee on Publications take occasion, at 
this time, to announce to the readers of the Journal certain changes, 
which it is their purpose to make in the conduct of this publication, 
and in which they hope for general co-operation and approval. 

They propose, in the first place, to make every effort to secure such 
original matter, descriptive of important engineering works, as shall 
be of direct and evident value to practical engineers, preferring, in 
this respect, accurate and full descriptions of constructive details as 
actually executed, to theoretical discussions and mathematical inves- 
tigations of general principles, which, however excellent of their kind, 
are of less direct interest to the working engineer, who is, as a rule, 
unable to bestow the time and attention necessary to eliminate an 
useful result from such studies. In pursuance of this plan, they have 
secured, and propose to publish in this and succeeding numbers, in 
addition to other matter of a similar kind, a very full description of 
the bridge, just finished, over the Stt^quehanna, at Havre de Grace, 
designed by George A. Parker, C. E., and constructed under his 
immediate supervision. This will be fully illustrated with elaborate 
working drawings, measurements, and every detail. In the second 
place, they propose to increase the proportion of original matter in 
the Joumalj and to effect this, without detriment to the fund of 
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valaable information which has been heretofore reprinted from foreign 
magazines, by substituting carefully prepared abstracts of such articles 
as may be in this way faithfully rendered, for the entire papers as 
originally published, giving, in all cases, reference to the authority to 
which those desiring fuller information, may resort. 

Again: they will offer every inducement to our mechanical con- 
structors and inventors, by which they may be led to use the pages of 
this Journal as a means of publishing their inventions, and securing 
the attention of those most interested in such works. Lastly : for 
the promotion of that elementary knowledge on general scientific 
subjects, which is daily becoming more important to the successful 
prosecution of all arts, they propose to add to this Journal an Educa- 
tional Department, in which the various sciences • shall be, from time 
to time, treated in a simple, popular and practical manner, with very 
full illustration, and every attention to the earliest possible notice of 
all new facts and discoveries. 

In the execution of the above-mentioned designs, the managers of 
this Journal confidently look for the co operation of all who feel an 
interest in the advance of science and the arts in this country. 

While in England and the Continent, Journals devoted to the inte- 
rests of the civil and mechanical engineer, may be numbered by the tens, 
we might almost say hundreds, in this country, the Journal of the 
Franklin Institute stands alone. To it, must our engineers and ma- 
chinists look for a just and impartial record of their works, which, 
circulated largely by reason of its exchanges throughout the world, 
may secure for them that extended reputation, which is the legitimate 
object of the most honorable ambition. By its means also, they may 
pat on record, and thus preserve to future times and for the instruction 
of others, those experiences which otherwise perish with themselves, 
and leave the world but little benefited by their labors. To it they 
most look, again, for a medium by which a general exchange of ideas 
may be effected, and an opportunity offered for that free discussion 
80 effective in the promotion of all progress and improvement. 

In view of these and other like considerations, our engineers, manu- 
facturers and machinists, should make common cause with us, and by 
aiding us, on the one hand, in obtaining early and full information on 
all topics in their departments and within their reach, and, on the other, 
by favoring the extended circulation of our publication, should strive 
to make this Jaumaly what we hope to see it, a creditable exponent 
and record of engineering, science and the mechanic arts in America. 
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djioil and 3!t«ltamral ^n^jinwrinj. 

STRAHAN'S DRILL REST FOR GRINDING. 

All of oar readers who are interested in such matters, will be well 

Bware of the difficnlties which attend the grmding of a drill, in such 

a manner as to make both of its cutting edges exactly alike in angle 

and position, and of the necessity Tthich exists for such equality. 




Such grinding, difficult as it is with ordinary drills, becomes yet 
more so with twiat-drilla, which are now obtaining so large a popu- 
larity. It is, therefore, with great pleasure that we record the inven- 
tion of the ingenious tool named above, by which all difficulty is avoided, 
an absolutely correct shape is secured, and the whole operation is re- 
duced to the simplest form ; so that no skill or esperienco is required 
for ita mocessfnl execution. ' 
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The tool, as applied to the grindstone with the drill in its place, is 
shown in the accompanjing cut. 

To the frame of the grindstone, B, is attached the bed-plate, c, by 
means of the jaws, J J. This bed-plate carries a rest, d, with guide- 
block, K, to which is attached a pivoted screw, E, capable of vertical 
adjustment by means of a projection on its pivoted end, which is held 
in the position desired by a pin. This pivoted screw carries a sliding 
thrust-block, F, which is moved up by the nut shown at E. 

The drill to be ground is supported on the rest, D, against the 
guide-block, K, with its heel in the thrust-block, F, and is gradually 
pressed forward by the nut, until sufficiently ground on one edge ; a 
stopper, H, is then set at this point, the nut and thrust-block are run 
back, the drill is turned, and its other edge ground as before, until the 
thrust-block is arrested by the stopper, when the operation is complete. 

For grinding twist-drills, a little vise is used, (shown at I,) whoso 
centre always corresponds with that of its jaws. 

The above arrangement was patented, October 2d, 1866, by Wm. 
H. Strahan, of Philadelphia. 



THE SUSQUEHANNA BRIDGE ON THE PHILADELPHIA, 
WILMINGTON AND BALTIMORE RAILROAD. 

Designed by George A. Parker, C. E. 
PRELIMINARY NOTICE. 

This bridge, of which a very full description will be hereafter pub- 
lished, commends itself to our attention chiefly, and beyond all other 
respects, by reason of the peculiar method employed in the erection of its 
substructure, and the special conditions which rendered this method so 
desirable and eflScient. These conditions are now found to be repeated 
in many of our Western rivers, the bridging of which is one of the im- 
mediate problems in practical engineering, and the history of what has 
been done in this case thus acquires a peculiar and momentous interest. 

A brief historical notice of this work and a general account of its 
prominent features may well preface the more detailed description of 
its structure, which we propose to develop. 

As early as 1851, Mr. S. M. Felton, President of the Philadelphia, 
Wilmington and Baltimore Railroad, called upon the engineer of this 
bridge for his opinion on the subject of such a structure. 

Some preliminary work was then executed, but financial difficulties 
led to the temporary abandonment of the enterprise. 
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In the summer of 1862, however, a more prosperous state of affairs 
warranted the resumption of the work. 

The engineer was instructed to prepare plans for a structure, and 
to huild one pier, which should be a test as to the practicability of the 
work. On the 15th day of September, of that year, the foundations 
of the third pier from the east bank of the river were commenced, and 
finished October 2d ; that is, the foundation piles, numbering one hun- 
dred and fifty, were driven and sawed off to a uniform surface at a level 
of forty feet below the water. 

The lateness of the season forbade continuing the work, and it was 
determined, therefore, to attempt the construction of the fourth pier, 
that pier being in shallow water, at a depth of about ten feet. The 
work of constructing it, it was thought, might be completed before the 
winter's floods. Operations were commenced October 15th. About one 
hundred foundation piles were driven and sawed off, ten feet under 
water, in four hours. 

On the 28th of October the masonry of that pier was completed to 
the height of eight feet above low water. The following winter and 
spring were mild and subjected it to a less satisfactory test than was 
desired. Nevertheless, it was resolved to continue the work on the 
other piers, as the importance of the bridge became greatly enhanced 
owing to the existence of the Rebellion. 

Accordingly, in the spring of 1863, pier No. 3 was examined by 
divers, and found to be covered by deposits of alluvium, varying from 
five feet to eighteen inches. By application of powerful pumps, aided 
by the skillful labors of divers, the deposit was removed in less than 
three days. 

Additional piles were driven and sawed off by these divers at the 
level of the other piles, forty feet below the surface, and on the 24th 
of August the platform of timber and iron upon which the pier was to 
rest, was floated out over the site of foundation, and placed between 
two substantial construction-piers of timber. 

Lowering screws, six in number, three and a half inches in diameter, 
were then attached to the platform and the construction-pier, and the 
first section of the boiler plate iron caisson, in which the masonry of 
the pier was to be built, was erected. 

These screws were attached to the platform in such a way that they 
could be easily detached by the divers, after the platform was in place 
on the heads of the piles already mentioned (which had been sawed off 
forty feet under water), and worked through nuts which were attached 
to the construction-piers. 
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On the 24th of September of the same year, the masonry within the 
caisson was commenced, and the work went steadily on with the de- 
scent of the pier until two o'clock of the afternoon of November 9th, 
when suddenly one of the attachments of the screws to the platform 
gave way, the resnlt of using imperfect material, and the pier careened 
to the west side of the pile inclosure. 

The bottom of the platform was then within seven feet of the foun- 
dation-pile. The weight upon the screws was, perhaps, one hundred 
and forty tons. The caisson was still almost perfectly water-tight, and, 
supported as it was by the construction-piers, was entirely manageable. 
Two courses of stone were immediately removed from the pier, the 
screws on the eastern side were turned off, and on the 11th of Novem- 
ber the pier righted again, and at noon of the 15th it was finally landed 
upon the foundations. On December 18th, the masonry was completed 
to a height of about twelve feet above high water. 

Some additional work was then done on pier 4, and work was com- 
menced on the foundations of piers 5, 6 and 7. It was, however, soon dis- 
continued for the season. In the following spring of 1864, work was 
recommenced on piers 5 and 6, and upon the foundations of pier 7. In 
April, the foundations of the eastern abutment were commenced, and 
during the year, the masonry was carried to the height of fourteen feet 
above low water. 

During this year the greater part of the foundation of pier 1 was 
completed ; pier 2 finished to the height of twelve feet above low water ; 
pier 5 was entirely finished, and pier 6 was completed to the top of the 
coping. In the season of 1865 the eastern abutment was substantially 
completed, and piers 1 and 2 were nearly finished. 

In the spring of this year it was found that the unusually severe 
freshet had made great changes about the foundation of pier 7. In 
several places fifteen feet of earth had been displaced, and it was deemed 
necessary to remove all the earth from the rock at that point, and to 
found the pier upon the rock bed, lying eighteen feet below the origi- 
nal bed of the river. 

The work of removing this earth was one of great seeming difficulty. 
A wrought iron foundation caisson, averaging eight feet in height and 
about fifty by twenty feet square, was lowered so as to inclose the site 
of the pier. This was gradually depressed to the rock by removing 
the earth within it, by means mainly of powerful pumps, aided by the 
constant exertions of six skillful divers. The masonry was then laid 
within the tank, upon the solid rock, and brought to a level some feet 
below the top of the foundation caisson. 
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Upon that, the caisson of the pier resting upon the platform of tim- 
ber, was lowered. This pier was completed on the 3d of December. Its 
foundation was thirty-six feet below low water. The foundations of pier 
9 were commenced on the 2d of May, 1865, and finished September 27th. 
The masonry of that pier was completed October 23d; depth of water, 
• thirty feet. Piers 12 and 13 were finished, and the masonry of the 
western abutment was brought to a safe height above low water, and be- 
fore the 2d of that year three spans of the superstructure were erected. 

In the present year, 1866, piers 7 and 8 were completed, and the 
foundation of pier 10, begun May 25th, was finished July 7th. Founda- 
tions of pier 11 were begun April 11th and finished June 19th. The 
western abutment was finished on the 15th of September. The guard 
and piers for the draw were commenced on the 9th of September, and 
are now nearly finished, thus completing the masonry connected with 
the bridge. July 25th, of this year, all but three of the thirteen spans 
of the superstructure were raised upon the piers, though not completed. 

On that day a terrible tornado took place, which overthrew the whole 
superstructure then erected, except one span and the lower timbers 
of another. On the evening of that day, preparations were made fop 
gathering together the wrecks of the prostrated bridge. On August 3d 
the rebuilding of the same was commenced, and on the 7th of Novem- 
ber, eighty- six working days from the time of commencement^ an engine 
passed over the two first spans. 

On the 20th of November an engine passed entirely across the bridge. 
On this present day, November 26th, 1866, the bridge, though not en- 
tirely finished in all respects, is open to public travel. For five years 
from five hundred to one thousand men have been employed upon this 
great work. Upon its construction nearly five million feet of timber, 
twenty thousand cubic yards of masonry, three million pounds of 
wrought and cast iron have been used. 

The structure between the shores of the river is about three thou- 
sand five hundred feet in length. It has thirteen supporting piers and 
two guard piers at the draw, and two abutments. The piers are built in 
water varying from ten to forty-five feet in depth. The spans are two 
hundred and fifty feet in length between bearings. The draw span is 
one hundred and seventy- six feet long. Height of superstructure 
twenty-five feet. 

The superstructure is an improved form of the Howe truss. When com- 
pleted each truss is to be encased entirely in iron, thus making it fire-proof 
and free from exposure to the weather. The peculiarity of the hydraulic 
engineering connected with this work is the disuse of the Coffer dam. 
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Instead thereof water-tight wrought iron caissons have been used* 

The whole cost of the magnificent structure has been something less 
than $2,000,000. 

The bridge is approached from the main road on the east side by a 
track laid over heavy trestle-work, fourteen hundred feet long. This 
trestle-work is but temporary, and, as soon as practicable, will be 
replaced by an earth embankment, supported by retaining walls of 
appropriate masonry. At the end of this is a firm abutment of strong 
masonry, handsomely constructed of granite from the quarries in the 
yicinity of Port Deposit, only six miles from the structure. This 
granite is of dark color, of elegant appearance when worked, and is 
said to be the hardest and heaviest in the world — heavier by three 
pounds to the cubic foot than that of the famous Egyptian Pyramids. 
There are one of these abutments in each end, similarly constructed. 

The bridge is secured to the piers by means of bolts, three inches 
in diameter, which pass through holes drilled for that purpose to near 
the surface of the water, where they are, by means of a ring at the 
end, attached to a similar horizontal bar that passes through the sides 
of the pier. The upper ends of these perpendicular bars pass through 
ft heavy oak bolster, and are fastened with a nut at the top, by means 
of the screw, upon which they can be tightened if occasion should 
require. 

The timber of this structure has been very carefully selected. It has 
also gone through the process of Burncttizing, by which its durability 
is not only increased at least two-fold, but by which it is rendered inde- 
structible by fire. This treatment was applied by Mr. Charles P. Bent, 
who has an establishment for the purpose at Perryville, and several 
others upon railroads in different States. 

This process is familiar to our readers, and consists in removing air 
&c. from the fibres of the wood, by placing it in an exhausted vessel 
and then injecting chloride of zinc. 

The timbers of the bridge are secured by means of iron bars and 
butt seats. These bars are about twenty-five feet long, and vary in 
thickness from one to three inches, the largest weighing seven hundred 
pounds. In the construction of the bridge nearly seventeen hundred of 
these bars are used. The immense weight of the structure may be esti- 
mated from the fact that there is used upon each span about two hun- 
dred tons of wood and iron. Iron is much more extensively used 
than is common in timber structures. As an instance, the bottom 
chords, where most exposed to a tensile strain, are entirely sheathed 
on the sides with plate iron three-eighths of an inch thick. 
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THE NEW YORK "CENTRAL PARK." 

By "William H. Grant, Superintending Engineer. 
INTRODUCTORY REMARKS. 

The New York Central Park, now nearly completed, has grown up 
under steady and uninterrupted progress during the last few years — 
passing through a most eventful and trying period, financially and 
otherwise — ^into a great municipal work, that presents at this time to 
the liberal and enlightened citizens of New York, who have created 
it, its elevating and invigorating influences, with a promise of con- 
stantly expanding attractions and benefits, as nature, assisted by the 
hand of art, is permitted, in her own inimitable ways, to perfect the 
work that has thus far been accomplished. It is a new work of its 
kind in this country. In its design and execution it has developed 
and practically applied the combined problems of civil engineering 
and landscape gardening, on a larger scale, and in a much greater va- 
riety of forms, than has heretofore occurred among us. As a pioneer 
improvement of this character, taking the lead of, and directing the 
way for, a series of similar works that the advancing wave of intelli* 
gence and wealth is soon to spread widely over the country — it has a 
value that surpasses even its local worth (great as that is) to its fortu- 
nate possessors. 

It is only about eight years since the first spade was put in the 
ground, the first drill driven in the rock, and the example has been 
followed by several neighboring cities, as Baltimore, Philadelphia, 
Brooklyn &c., in the laying Out of public parks, some of which are 
well advanced ; other parks are contemplated, not only by well-grown 
cities, but by thriving villages, cities in embryo. An impulse has 
also been given to individual as well as municipal enterprise, as evi- 
denced in the rural improvements that are beginning to be made, on 
a liberal scale, by men of wealth, and by an increasing desire that is 
manifested by persons of more limited means for the tasteful adorn- 
ment of their residences. 

The Central Park has become the resort of those several classes of 
persons who seek here for examples and hints to serve their respective 
purposes. Some come to scan the design as a whole — to take in its 
entire scope — and form in their minds ideas as to its adaptation to some 
other locality of similar extent ; some select a more limited space, and 
Btady its suggestions and special mode of treatment to meet their par- 
ticuUr views ; others give their attention to fiucU ^e^^^\.^ ^*^^^^ ^ 
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work only as they may have occasion to reproduce ; and others again 
seek only a single specialty, to learn from it how to supply a want of 
•that kind. A wide and diversified field is presented for pursuing 
these investigations, and few fail to cull from it ideas that are avail- 
able, to a greater or less extent, according to the taste and discern- 
ment they respectively possess ; their views are enlarged and percep- 
tions quickened upon a range of subjects of utility and beauty, and 
much good grows out of it. But, after all, it must be felt by each 
person in the pursuit of this kind of knowledge, in this way, that he 
labors under difSculties that it would be desirable to remove, an ac- 
quaintance with the principles upon which the whole, or any part, of 
the work is based, is wanted. A fair surface is presented to the eye, 
and all is agreeable and attractive, but the foundation of the struc- 
ture is concealed, and without some knowledge of this — although a 
superficial copy may be made — the whole is liable to fail, and prove 
an unsubstantial and *^ baseless fabric of a vision." 

In order to meet a want of this kind, and supply some practical 
aids to those who wish to apply judiciously both the principles and 
practice that have governed the execution of the work, is the object 
of the following pages. 

It is scarcely necessary to premise further, that the work of the 
Park, from its novelty and the inexperience that prevailed at its com- 
mencement, has had to be studied out step by step in all its depart- 
ments and details — from the outline plan of a portion of the work that 
was adopted as a basis to start from, down to its present nearly completed 
condition. It would have been of great service to all who have par- 
ticipated in the work if they could have referred directly to examples 
and data to meet the various cases as they arose, even the most trivial 
ones, and would have saved them the expenditure of much mental 
labor and anxiety. 

When this is remembered, it is not doubted ^at the description of 
the practices and processes that is here given will prove of service to 
others who may have occasion to reproduce similar works. Some 
things may appear in the recital, simple, and even trite — they appear 
so now to the writer — but it has not been considered advisable to pass 
them by, in the general connection, on that account. Brevity has 
been studied as far as reasonable clearness would allow ; and it has 
been the aim to mass together facts and matters of interest, rather 
than to make the subject what may be called, popularly readable. 
Upon these points and accuracy of description alone the writer ex- 
j>ecta to escape criticism. The circumstances under which these pages 
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have been put together have not been favorable to any other endeavor 
than this. If the substance should be found of practical value, the 
reader will leniently overlook the imperfections of form or medium 
through which it is presented. Should these desirable results occur, 
I might say, in customary phrase, that the object of the writer will be 
fully attained ; this, however, would not be strictly correct, for I have 
had an additional incentive in the undertaking — that of contributing 
a testimonial to the Engineer Corps by whom I have been aided, and 
to whom a large share of the credit is due for the successful execution 
of the works of the Park. Few persons are aware of the unwearied 
vigilance, the close and exact attention and skill, that have been exer- 
cised by these gentlemen in the course of the long service these 
works have required. It is with great pleasure that I make this the 
occasion — I hope the reader will think not inappropriately — to render 
to them the best acknowledgment in my power, not only for their 
professional aid, but for their social companionship, through the seve- 
ral years' journey — not always over ground that was free from aspe- 
rities — that we have made together. 

It is not my province to speak in commendation of the Board of Com- 
missioners, under whose administration this work has been carried for- 
ward ; but in so far as they have permitted those to whom they have 
entrusted its execution, to conduct it, free from the absorbing and evil 
influences of politics, I cannot refrain from expressing my individual 
gratitude and admiration. In this respect, the Central Park has been 
exceptional to most of the public works that have been executed under 
our municipal or state authorities. Its continued success will be de- 
pendent, even in a greater degree than heretofore, upon the maintenance 
of the policy that has been thus wisely inaugurated. Personally, I should 
feel it a misfortune to see this costly and beautiful work thrown into the 
arena of politics. I should expect, in such an event, to see the works 
upon which months and years of study and care have been expended, 
neglected, misunderstood and perverted, a loose and disorderly man- 
agement dispelling the feeling of security and quiet that is essential 
to the enjoyment of all visitors, and a rapid deterioration of the Park 
from all the objects for which it was designed. Such results every 
good citizen — every person, of whatever degree, to whom the privi- 
lege is extended, and it is extended to all, to enjoy this healthful 
pleasure ground — must deprecate. Difficult as it may be (aud there 
are difficulties) to exclude political influences, it must nevertheless be 
done, not alone in appearances, covering over an insidious and dele- 
terious under-corrent, invisible for the time to tlie i^xi^Mc e^^^V^\i vgl 
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all honesty and fidelity. As a i^ork of art, the first that has arisen 
among us of its kind, it is doubtless to be subjected to a severe test ; 
its management is a serious experiment : if it goes wrong, it will bo 
fatal ; if right, the blessings of multitudes of pent-up men, women and 
children will attend it. 

The class of works of the Park that the public have manifested the 
earliest interest in, and from which they have thus far realized the 
largest benefit, is that of roads and walks; these have preceded 
most other improvements in the order of construction, and will doubt- 
less meet, in their practical application, if found adapted to the object, 
the largest range of public and individual every-day wants. They 
have consequently been selected as the first subject to occupy attention. 

As the subject of landscape design would naturally be expected to 
take precedence of works of construction, it is proper to say that the 
design of the Park, as a whole, as now nearly worked out, was pro- 
gressive, was the work of several difierent persons at difi'erent times, 
and was not completed much in advance of actual construction ; and 
therefore is deferred to the close of other details. In that place it will be 
considered more comprehensively, in its origin, history, adaptation &c. 



HEATING AND VENTILATION OF THE PHILADELPHIA 

ALMSHOUSE. 

Extract from the Bcport of the Committee, John M. Whitall, Chairman. 

THE VENTILATION. 

When your Committee was appointed, all parts of the Almshouse 
were imperfectly ventilated — the Hospital and Insane Departments 
by connections with a largo chimney in each, but which we found 
nearly or quite useless for the purposes intended, and the alterations 
necessary to be made in removing the boilers from the building re- 
quired the plan of ventilation to be entirely changed. In other de- 
partments there was no ventilation, excepting by the doors or win- 
dows, with the exception of an occasional fire-place in some of tho 
wards. As the warm air was introduced into the different apart- 
ments by our improvements, an independent flue for ventilation was 
erected in each, extending through the roof, and thus the egress of 
foul air could not be interfered with by connection with other wards. 
iPbis haa been found to be a very important condition. In these, flues 
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in the Hospital, openings near the ceiling and near the floor, were 
made, with a register in each. In using them, it was soon discovered 
that if the floor openings were closed and the ceiling registers opened, 
the wards became fool and the temperature lower. On the contrary, 
by closing the apertures near the ceiling and opening the registers 
near the floor, the thermometer at once indicated increased warmth, 
and the wards were directly cleared of all offensive odor« This ex- 
experiment having been fully tested, and always with the same result, 
the use of the upper ventilator was entirely dispensed with. In all 
other parts of the Almshouse the same general plan has been followed. 
In those wards which are heated by direct radiation from steam-pipes 
or stoves, openings near the floor have been made into flues, extending 
through the roof, so that the Nurseries, Out- wards &c. are at all times 
free from any unpleasant effluvium. 

THE CHOLERA. 

Your Committee beg leave to call your attention to the breaking 
out of cholera at the Almshouse in the present year, and to the apparent 
effect, under the blessing of a kind Providence, produced by thorough 
ventilation from the floor, in its prevention and final disappearance 
from the Institution. The disease first attacked four patients and a 
nurse in one of the wards of the Women's Hospital, which ward, upon 
dose examination, was found to be imperfectly ventilated. This was 
at once remedied, after which there were no more oases in the Hospital. 

In the Insane Department for females, the cholera occurred in seve- 
ral of the wards ; these were ventilated by the old plan, from the ceil- 
ing or by windows and doors, as the ventilation in this Department 
was not yet perfected, but on the appearance of the disease strong 
efforts were immediately made to push it forward, and it is a remark- 
able fact, that as soon as a thorough ventilation from the floor was 
established, the cholera disappeared from the Institution. It may be 
proper here to remark, that heat was introduced into the wards about 
two hours, daily, during the prevalence of the disease, and it is also 
worthy of note that in no part of the Almshouse, although crowded, 
was there any cholera where the ventilation from the floor was thor- 
ooghly perfected. And we would further state, that since it has been 
fully established, no case of fever or dysentery, and very few of ery- 
sipelas or gangrene, have originated in the Hospital, or any part of 
the House. And those patients brought in from the city with these 
diseases, mostly soon recovered, and the health of the inmates is at this 
time exeell^nt. 
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Your Committee believe that the ventilation of the Almshouse, in 
all the wards, is so perfect that rarely any hospital smell or offensive 
odor can be perceived in passing through. (See Secretary's Report.) 



From the London Engineering, No. 44. 

THE METROPOLITAN DISTRICT RAILWAY. 

The present Metropolitan Railway, extending from Bishop's Road 
to Moorgate Street, forms, as is very generally known, but the north- 
ern side of an irregular " circle** of underground railways which will 
surround that part of the metropolis lying between the existing line 
and the Thames. Of this "inner circle,'* as it is called, the Metro- 
politan District Railway will form the southern side, whilst the eastern 
and western portions will be formed by extensions of the Metropolitan 
Railway, acts for the construction of these additional lines, of which 
Mr. John Fowler and Mr. T. Marr Johnson are the joint engineers, 
having been obtained in 1864. 

By examining the routes, both constructed and proposed, for the 
Metropolitan District and the Metropolitan Extension Railways, 
it will be seen that, at the eastern end, the extension of the 
Metropolitan Railway is to be carried under Bishopsgate Street, 
near Houndsditch, and that it will then curve to the south, extending, 
under Aldgate High Street and the Mineries, to Trinity Square. 
At Trinity Square the Metropolitan District Railway will commence, 
and from this point it will proceed nearly parallel to the river 
until it cuts the line of the new street which is to be constructed 
from Blackfriar's Bridge to the Mansion House. Following the 
line of this street, the railway will reach the river at Blackfriars, 
and will then be carried along the embankment to within a short 
distance of Westminster Bridge. At this point the line will leave 
the river side, and, curving to the west, will proceed past West- 
minster Abbey, under Tothill Street, and along the northern side of 
Victoria Street, to the Victoria Station. Beyond this station the rail- 
way will bond round to the south, and, after passing for a short distance 
between Ebury Street and Belgrave Place, it will again turn to the west 
to Sloane Square. From Sloane Square the line will follow an almost 
straight course to Cromwell Road, where it will join the western ex- 
tension of the Metropolitan Railway. From Cromwell Road the west- 
ern extension of the Metropolitan line will curve to the north, and 
will proceed in a north-westerly direction to Kensington Terrace, Net- 
ting Hill, where it will curve to the east, and eventually join the ex- 
isting line at Edgeware Road. 

The Metropolitan District Railway includes, beside the line of which 
we have described the course, two branch lines connectii^g the '' inner 
circle*' with the West London Railway. One of these branches will 
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commence at Cromwell Road station, and, after proceeding side by side 
with the "inner circle" line, to a short distance beyond the Gloucester 
Bead, will tarn to the south-west through Earl's Court to a junction 
with the West London line near Richmond Road. The other branch 
will leave the western side of the West London Railway, further north, 
and will then curve to the east, pass under the West London line, 
and run through Earl's Court, by the side of the branch first mentioned, 
to a short distance past Redfield Lane, where it will bend to the north, 
and will be carried side by side with the inner circle line to Kensington 
station. 

The station accommodation which will be provided on the new lines 
will be as follows : On the eastern extension of the Metropolitan line 
there will be a station at Bishopsgate Street, and another near Aid- 
gate, whilst at Trinity Square there will be a joint station for the ex- 
tension of the District railways, this station forming an exchange sta- 
tion with the London and Blackwall Bailway. On the Metropolitan 
District Railway proper there will bo stations at Mark Lane, King 
William Street, and at Queen Street (Cannon Street) ; and at Black- 
friars there will be an exchange station with the London, Chatham 
and Dover Railway. There will also be a station at Norfolk Street ; 
and at Charing Cross there will be an exchange station with the South- 
Eastern line. The next station will be at Westminster Bridge, and 
then will come the St. James* Park and Victoria stations, the former 
of which will be situated close to Queen's Square Place, and the latter 
adjoining the present station of the same name, so that it will form an 
exchange station with the London, Chatham and Dover, and London, 
Brighton and South Coast Railways. The next stations in order will 
be those at Sloane Square and Cromwell Road, whilst there will also be 
stations, used jointly by the Metropolitan District and Metropolitan 
Railway proper, at Gloucester Road and Kensington, and another at 
Richmond road, for the joint use of the Metropolitan District and 
West London Railways. The Cromwell Road and Kensington stations 
will be exchange stations for the traffic to the West London Railway 
and its connections. On the western extension of the Metropolitan 
line there will be, in addition to the two joint stations already men- 
tioned, other stations at Netting Hill, Bayswater and Paddington. 
The last station will be situated opposite the Paddington Hotel, and 
will be connected with the Great Western station by underground pas- 
sages ; it will be quite distinct from the existing Bishop's Road station. 

The total length of the Metropolitan District Railway, from Tower 
Hill to the Richmond Road, is about six miles, and of this length one- 
half will bo level. Of the remaining portion, about a quarter of a 
mile will be on a gradient of 1 in 300, more than half a mile will be 
1 in 250, three-quarters of a mile 1 in 200, and about half a mile 1 in 
100, whilst the rest will be made up of gradients rather less steep 
than 1 in 100. The greatest difiference between the levels of the rails 
at any two points is 87| feet, and the three lowest points are under 
the Banelagh, Fulham Road and King's Scholars' Pond sewers, respect- 
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ively, the rail-level of the latter point, which is the lowest of all, being 
9 feet 3 inches below ordnance datum, or 21 feet 9 inches below Trinity 
high water. The sharpest curve is one of 10 chains radius near the 
Victoria station ; the remaining curves have radii of 15, 20, and 30 
chains and upwards. 

Having given a general account of the course and extent of the 
Metropolitan District Railway, we shall now proceed to describe more 
in detail the principal works connected with it, so far as they are at 
present executed or in progress. Between Trinity Square and West- 
minster Bridge, the only portions which have been executed are two 
short lengths, one in front of the Cannon Street station of the South- 
Eastern Railway and the other under the London, Chatham and Dover 
Railway, at Blackfriars. The piece at Cannon Street is 225 feet in 
length, and is covered by wrought iron girders bent downwards at the 
ends, so that they have a shape resembling the outline of a Mansard 
roof. On these girders are erected brick walls, and between these are 
turned arches, upon which the superincumbent earth and road-metal- 
ling is carried. The object of this mode of construction was to lessen 
the thickness of earth &c. above the girders, and thus reduce, as far 
as possible, the load upon them. 

At Westminster, the first length of the works in hand commences 
close to New Palace Yard, and extends to the eastern end of Victoria 
Street. For this length, the line will be carried in girder-covered way, 
the roofing being formed of cast iron girders, with intermediate brick 
arches. Under Parliament Square Gardens, the side walls are being 
constructed with 6 feet bays, measured from centre to centre of the 
counterforts; and the girders are 6 feet apart, and 1 foot 6 inches deep 
in the centre. Nearer Bridge Street, however, the walls are being 
made with 8 feet bays, the girders being 2 feet 6 inches deep in the 
centre, and this is the ordinary construction of girder-covered way 
along the line. The girders have top flanges 7 inches Xl| inch, 
and bottom flanges 20 inches by 2J inches, and the web is 2^^ inches 
thick at the top and 2 inches at the bottom, whilst the distance be- 
tween the walls or span of the girders is 25 feet. The girders are 
furnished with cross flanges, projecting downwards 6 inches from the 
underside, which bear against the inner sides of the side walls and thus 
strut them apart. The brick arches between the girders are three 
rings thick, and the spandrils are filled in with concrete, over which 
is a layer of asphalte, J-inch thick, this being put on in two coats of 
f-inch each. Upon the asphalte there is laid under the streets 1 foot 
of road-metalling. The clear height of the undersides of the girders 
above rail-level is 13 feet 6 inches. 

The counterforts of the side walls are 5 feet 6 inches deep horizon- 
tally for their whole height, being built without batter ; whilst their 
thickness is three bricks in front of, and two bricks behind, the arched 

Sanels. The panels are formed of three rings of brickwork, and arc 
ailt with a batter. The walls are founded on concrete carried 5 feet 
below rail-level, and the panels are also backed with concrete to the 
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level of the backs of the counterforts, each bay being provided with a 
4-inch pipe packed around with gravel for the purposes of drainage. 
An 18-inch barrel-drain is also carried down the centre of the line at 
a variable distance below the rail-level, and from Blackfriar's Bridge 
to Gloucester Road the excavation will be provided with a concrete 
invert 2 feet 6 inches thick. 

The manner in which the construction of the covered way is carried 
out is as follows : Two trenches are excavated at the proper distance 
apart to receive the side walls, and the space between them is, where 
necessary, lowered to make room for the girder covering. The sides 
of the trenches are, of course, supported by the usual struts and poling 
boards, and, as the construction of the side walls proceeds, these are 
removed and replaced by the concrete backing at the back of the 
walls and struts extending from the inner sides of the wall to the cen- 
tral "core** between the two trenches. These last-mentioned struts are 
allowed to remain until the brickwork has thoroughly set ; and when 
the covered way is completed, the central core is removed by excava- 
tion from the ends. By proceeding in this manner, the only earth 
&c. which has to be lifted is that which is taken out of the trenches 
for the side walls, and this is raised by the aid of steam cranes tra- 
versing on temporary rails laid by the side of the excavations. Atthe 
portion of the line which we are now describing, the excavations are 
made almost entirely through sand and gravel, (the clay being, how- 
ever, reached near the foundation level,) and by carrying out the sys- 
tem of end excavations of the central core, the material can be readily 
conveyed by trollies, running on temporary rails, to points on the line 
where it can be screened, and that portion not required for making mor- 
tar or concrete sold at a remunerative price. If, on the other hand, the 
excavation was completed at once, and the part forming the core raised 
before the covered way was finished, great expense would be incurred on 
account of there being but in few cases available storage room for the 
excavated material, and all that portion which could not be immedi- 
ately disposed of would have to be carted away. 

Where the excavation has to be carried under the line of a street, a 
very simple way of constructing a temporary bridge is in most cases 
adopted, the bridge being formed for half the width of the road at one 
time, so as to interrupt the trafiBc as little as possible. Longitudinal 
trenches, about 2 feet 6 inches deep, are first cut in the roadway, 4 
feet apart, these trenches being sufficiently long to receive timber 
balks which will span the intended excavation. The surface of the 
ground between the trenches is then lowered, and cross planking 
placed upon the balks, and upon this planking is laid about 1 foot of 
road-metalling. After the whole of the temporary bridge has been 
constructed in this manner, the ground is excavated beneath, and the 
construction of the works proceeded with, as at other parts of the line. 
When gas or water-pipes are met with, which will eventually be sup- 
ported by the roof of the covered way, they are sustained by sling- 
ing them from balks overhead, and also by struts extending to the 
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ground below, these struts being replaced by longer ones as the exca- 
vation goes on. Briek sewers which cross the line of the railway are 
also supported in a similar manner, until removed and replaced by iron 
structures. Near Parliament Square Gardens, the present Victoria 
Street sewer thus crosses the line of the works. In this case the sewer 
is to be diverted, and a length of the present brick sewer replaced by 
a new sewer carried along the southern side of the railway, at the back 
of the side wall, to the low-level sewer at the Thames embankment. 
Another similar sewer will also be formed along the northern side of 
the line for some distance, so as to intercept the sewers which now ex- 
tend from that side to the Victoria Street sewer, this new sewer event- 
ually joining the existing Victoria Street sewer at the point where it 
leaves the northern side of the railway. 

Near the end of Victoria Street, the centre line of the railway 
passes about 95 feet from one of the corners of Westminster Abbey, 
and, for a length of 300 feet near this point, a retaining wall of extra 
strength is being built along the southern side of the line, which here 
runs nearly east and west. This wall, instead of being built in bays, 
is 5 feet 6 inches thick throughout, and is backed with peat for a 
thickness of 7 feet, this thickness of peat being, however, reduced at 
the bottom, where the sewer already mentioned is situated, the sewer 
being formed for this length of 300 feet of an iron pipe 4 feet 6 inches 
in diameter. This system of peat backing, has been adopted at the 
recommendation of Mr. G. P. Bidder, acting as engineer to the Dean 
and Chapter of Westminster, in order to prevent any vibration being 
transmitted from the railway to the Abbey. We may mention here 
that it has been sometimes stated that the Abbey was founded on a 
running sand, but in the excavations which have been made for the 
Metropolitan District Railway only good sound gravel has been met 
with. 

Owing to possession not yet having been obtained of the intervening 
property, nothing has yet been done towards the construction of the 
line between Parliament Square Gardens and Buckingham Row, with 
the exception of some slight excavations in the neighborhood of the 
St. James' Park station. This station will, as we have already stated, 
be situated close to Queen's Square Place, and it will be provided with 
siding accommodation. Between the St. James' Park station and Buck- 
ingham Row the line will be carried partly through girder-covered way 
and partly through covered way roofed with brick arches. At Buck- 
ingham Row another long length of the works in progress commences, 
there being first a short length of brickwork-covered way, and then 
about 160 yards of open cutting succeeded by works which we shall 
describe presently. 

The difference between the construction of the brickwork-covered 
way and a tunnel, is chiefly that, in making the latter, the excava- 
tion is driven from the ends, whereas in constructing the brickwork- 
covered way the ground is opened up to the surface and then filled in 
again upon the top of the arches, in the case of the Metropolitan 
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District Railway there is no tunnel properly so called at any part. In 
the ordinary brickwork-covered way the arches are composed of five 
rings of brickwork, and have a span of 25 feet, the clear height under 
the crown of the arch being 15 feet 9 inches above rail-level. Tho 
curve of the crown of the arch is struck with a radius of 15 feet 9 
inches, and the haunches with radii of 9 feet 6 inches, whilst the side 
walls have a curved batter on the face, struck with a radius of 25 feet 
from a centre situated 5 feet 6 inches above rail-level. The side walls 
are three bricks thick at the springing of the arch, and the back is 
carried down perpendicularly to the foundations. At intervals of 50 
feet there are formed in the side walls arched recesses or manholes, 4 
feet wide, 1 foot 6 inches deep in the centre, and 7 feet high, the back 
of each recess being formed of a horizontal arch composed of threo 
rings of brickwork, and having a versed sine of 9 inches. The 
haunches of the arched covering are filled in with concrete, tho upper 
surface being sloped off towards each side and coated with aspbalte 
j-inch thick, laid on in two layers. At the back of the side walls 
drain-pipes are led down to near the footings, and are then carried 
through the walls, and, in fact, their arrangement, as well as that 
of the central 18-inch barrel-drain, is tho same as in the case of the 
girder-covered way. 

The side walls of the brickwork-covered way are put in in the same 
manner as those for the girder-covered way already described, their 
curved inner faces being built to properly supported wooden templates, 
having each course marked on them, and each furnished with a plumb- 
line for setting it upright. These templates extend higher than the 
side wall proper, and the upper part of each of them is recessed to 
receive lagging-boards, upon which that part of the arched covering 
near the springing can be built. To allow of the remainder of the 
arch being built, the core left between the side walls is rounded off at 
the top, and is spanned by centring formed of light plate-iron ribs 
carrying the usual lagging-boards. The ends of the ribs are supported 
by timbers extending from the footings of the side walls and furnished 
with the usual striking- wedges ; and each rib is jointed at the centre, 
and is supported at that point by means of foot-boards and wedges 
resting upon the top of the central core. This plan enables the 
greater part of the core to be left in its place until the completion of 
the covering, as in the case of the girder-covered way, so that it can be 
removed afterwards by end excavation. 

We have said that the short length of brickwork-covered way near 
Buckingham Row is succeeded by about 160 yards of open cutting, 
the railway being for this distance carried between retaining walls. 
The retaining walls are constructed in bays, each bay being formed of 
an arched panel abutting against counterforts, as in the case of the side 
walls of the girder-covered way. At the back of the walls the counter- 
forts are two and a half bricks thick, whilst in front of the panels the 
thickness is increased to four bricks. The depth of the counterforts, 
xneaaured from the face to the back, varies according to the depth of 
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the excavation, and the rule which has been followed is, to make the 
depth of the counterforts at the rail-level = J the height of the re- 
taining wall -h 18 inches. The height here taken is the height above 
the level of the rails of that portion of the wall which is built in bays, 
and the top of which is generally about 18 inches below the ground- 
level. Above the retaining wall there is a parapet wall. The backs 
of the counterforts are carried up perpendicularly, and their front 
faces have an uniform batter of 1 in 8, so that the rule above given 
determines their depth from back to front at the top as well as at rail- 
level. 

The counterforts are 11 feet apart from centre to centre, and the 
arched panels between them are one brick thick for a depth of 10 feet 
from the top of the retaining wall, and one and a half bricks thick 
below that depth. The versed side of the horizontally arched panels 
is 1 foot, and at their springing they are set back 1 foot 6 inches from 
the faces of the counterforts. The spaces behind the panels are filled 
in with lime concrete level with the backs of the counterforts, the same 
arrangements being made for drainage as in the case of the side walls 
of the girder-covered way. The distance between the faces of the 
counterforts of the opposite walls, at rail-level, is 25 feet, the distance 
between the walls at the top, of course, varying according to the depth 
of the excavation. The footings of the walls rest upon cement con- 
crete carried down about 5 feet below the rail-level, as in the case of 
the side walls of the covered way. The parapet walls are 6 feet high 
above the ground-level, and are panelled, the panel being one brick, 
and other parts of the wall, except at the string-course and capping, 
one and a half bricks, thick. The retaining walls, like the side walls of 
the covered way, are constructed in trenches of sufficient width, the 
ground between these trenches being left for removal by end excava- 
tion. These retaining walls, and indeed all the details of the works, 
are admirably proportioned to the duty they have to perform, and by 
their construction very great resisting power is obtained with a com- 
paratively small expenditure of material. The excellence of the de- 
sign is also well matched by the quality of the workmanship, the 
whole of the brickwork which has so far been carried out in connection 
with the works of the Metropolitan District Railway, having been 
executed in a manner which reflects the greatest credit upon the con- 
tractors. 

( To be continued. ) 



From Uie London Engineering, No. 46. 

STEEL RAILS. 



An order for twenty-two thousand tons of steel rails for the Great 
Indian Peninsula Railway was lately divided between the two great 
Sheffield houses, Messrs. John Brown & Co., limited, and Messrs. 
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Charles Cammell & Co., limited, and we understand that the last-named 
firm have orders for twenty-eight thousand tons of Bessemer rails now 
upon their books. Many of these orders, we are pleased to learn, are 
from America, for the Erie, New York Central, Pennsylvania Central, 
Boston and Worcester, Boston and Providence and other lines. The 
production of perfect steel rails is now a matter of the utmost certainty, 
and while very great hardness, to resist wear, is secured, the absolute 
strength is far beyond that of iron. At Messrs. Cammell & Co.*s, as at 
most steel rail mills, a "tup'* of one ton is run up, by steam-power, to 
any height up to thirty-six feet six inches above the rail to be tested, 
and then tripped. The tup falls fair upon the rail, laid on three feet 
bearings, and it is^ very seldom that it is broken. It commonly bends 
so as to include an internal angle of about one hundred and twenty de- 
grees. This enormous strength, where steel, in all forms, was once sup- 
posed to be peculiarly brittle, has removed the great objection to steel 
rails, and the fact that the American companies are ready to pay the 
full price shows that iron is now likely to be superseded. 

The Woodhead tunnel of the Manchester, Sheffield and Lincolnshire 
Bailway affords an interesting and instructive example of the great su- 
periority of steel over iron rails. The tunnel, or rather, pair of tunnels, 
(for there are two,) are a few yards more than three miles in length, the 
gradient throughout being one in two hundred, and one down towards 
Manchester. There is a station at each end of the tunnel, and the heavy 
goods trains, as well as many of the passenger trains, generally stop in 
both directions. In getting away again, the consequent wear of the rails, 
just within the ends of the tunnel, is very considerable, the rails being con- 
stantly wet from the dripping of water from the roof, while they are also 
severely tried by the slipping of the driving-wheels of the heavy engines, 
the wear being aggravated by the free use of sand. Formerly not a Sun- 
day passed without a number of rails being taken out or turned, and the 
life of an iron rail was but about five months on one head, and three or 
four on the other. Further in the tunnel, much of which is quite dry, 
although some portions are always showered with water from the roof, 
the average life of the rails was about nine months for one head and 
six for the other, or fifteen months in all. 

Poor as the Manchester and Sheffield Company is, the directors re- 
solved, nearly three years ago, to relay the Woodhead tunnel with steel 
rails throughout. The south tunnel was accordingly relaid in March 
and May, 1864, with seventy-five pound Bessemer rails, rolled by Messrs. 
Samuel Fox & Co., of Deepcar, near Sheffield; and the north tunnel was 
relaid at about the same time, the whole length of six miles eighty-eight 
yards of single line requiring about seven hundred and twenty tons of 
rails. The rails are of the usual double-head pattern, five inches deep, 
the heads about two and a half inches wide, and the stem five-eighth 
inch thick. They are in twenty -four foot lengths, supported upon cross- 
sleepers two feet nine inches apart at centres, except the sleepers which 
have the suspended fish-joint between them, these being two feet from 
centre to centre. The fish-plates and bolts are of iron. The rails are se- 
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cured in the intermediate chairs by compressed oak keys, in the usual 
manner. The ballast is mostly cinders from Messrs. Ashburys* great 
railway-carriage factory, at Manchester. It is of the usual thickness, 
and rests upon a layer of broken stone spread upon the millstone grit, 
which forms the bottom of the tunnel. 

On Sunday last, by permission of the engineer of the line, Mr. Sacr6, 
and in company with a gentleman well known in the profession for the 
interest he has taken in the introduction of steel rails, we went through 
the tunnel on foot, and having taken the usuul precautions for the safety 
of the traffic, wc took out rails at both the Dunford Bridge and Wood- 
head ends, purposely selecting the places of greatest wear. We had the 
original templates with us, and we took careful impressions from the ends 
of the rails, and measured them also, so as to obtain the exact wear. 
It was as nearly as possible one-eight inch off the upper table of each 
rail. The first rail taken up was put down at the Dunford Bridge end 
of the south or down tunnel March 20, 1864, and had borne twenty- 
four thousand and ninety-six goods, and ten thousand and forty passen- 
ger trains, as appeared from the books of Mr. Vernon, the station-mas- 
ter at Dunford Bridge. The goods trains were estimated at three hun- 
dred tons each, and the passenger trains at eighty to eighty-five tons, 
which is, we think, too low. This would give upwards of eight million 
tons of traffic over the pair of rails forming the line, or four million tons 
over the single rail taken up. The rail was in admirable condition, and 
was good for at least twice as much more wear upon the upper table 
alone, irrespective of what would be obtained from the lower table when 
turned over. The lower table was, however, a little indented at its bear- 
ings upon the chairs. The whole condition of the line was apparently 
perfect. The fish-joints were almost as close and secure as on the day 
they were made. It took two men, working their best, fifteen minutes 
to get the nuts off and the bolts out for each rail taken up. The fish- 

Jlates showed slight wear, and we really think that steel rails should 
ave steel fish-plates, although there was little to complain of in the 
present instance* The line through the Woodhead tunnel is now the 
best portion of the Manchester, Sheffield and Lincolnshire Railway, and 
it is now frequently run by express trains in very little more than three 
minutes, or at the rate of sixty miles an hour, this speed being main- 
tained, of course, only in the down tunnel and towards Manchester. In- 
teresting as is this instance of the enormous superiority of steel over 
iron rails, it is but one of a great number which other lines now afford, 
and the time cannot be far distant when wrought iron rails will be al- 
most as obsolete as the old cast iron trams of the early lines near New- 
castler 
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Both practical miners and analysts bare sufficiently proved that sul- 
pburous gold and silver ores, when previously roasted, i.e,y freed of 
their sulphur, arsenic, antimony or other volatile substances, yield an 
incomparably larger amount of those precious metals than when 
treated directly by the amalgamation process. Whether the first of 
the above-named metals exists as distinct particles in its ores, though 
invisible to the naked eye, or whether it is combined with sulphur, 
generally found with it, science has not yet decided. Still, the lat- 
ter is more probably the case, since two metals,* very similar to gold 
in their affinities, and hitherto only found in their metallic state, have 
recently been met in combination with sulphur. 

Long before our American miners duly appreciated sulphurets and 
pyrites,t and attempted to extract from them the gold and silver they 
contained, auriferous pyrites were, according to Boussingault, worked 
by the inhabitants of South America, who, content with simply extract- 
ing the gold not intermingled with sulphurets, carelessly threw the 
tailings away in heaps. It was, however, subsequently discovered that^ 
when thus left exposed to the influence of the atmosphere for eight or 
ten months, this undervalued refuse actually yielded an additional, and 
even an equivalent, amount of the precious metal. 

Our miners, however, as soon as they were aware that their pyrites 
might be advantageously treated, began to experiment on various pro- 
cesses for desulphurizing ores. Vast sums of money were spent in pro- 
curing patents and in the erection of apparatus, which in many cases 
had to be transported for hundreds of miles. In the course of four years 
upwards of forty such patents for roasting have been granted by the 

* Osmium and platinum. 

f This is the common oxprcssion. It is derived from the Greek fCv^tty^^ a term 
applied to this mineral, because, as Pliny states, ** there was much fire in it," as 
was mifldo apparent by friction. This term was applied also to flint and some silice- 
ous miUstouos on account of thoir extcrnul ruacmbiaucc to copper pyrites. — Dana, 
Mineralogy. 
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Patent Office in Washington, many of which are already in general 
operation. To ascertain to what extent and with what success these 
several schemes have been carried out, is the purpose of this article. 
Knowing little or nothing of many of the processes patented in this 
country, but found in the lists issued by the Patent Office, we are at 
present obliged to pass them over without further notice. As, how- 
ever, this article will be continued in following numbers of this publi- 
cation, we hereby invite all interested in the subject, to favor us with 
drawings and a full description of their several processes. We shall give 
them every due consideration, and doubt not that, owing to the exten- 
sive circulation of this Journal^ every patentee of a really valuable 
process will thus be personally, and it may be pecuniarily, benefited. 

But before entering into detail, we will briefly allude to the nature 
of the sulphurets in which gold and silver exist. These are mostly' 
the following: Iron pyrites, Fe", (with 4G*G per cent. Fe;) vitreous 
copper, Cu', (with 79*8 per cent. Cu;) copper pyrites, Cu' Fe'", 
(34*5 per cent. Cu, and 30-6 per cent. Fe;) purple copper, Cu'^ Fe'"; 
Bournonit, Cu'^ Se'" + 2Pe'^ Se'". They are also found in gray cop- 
per, in arsenical iron, in tennantite and in copper blende. Occasion- 
ally they have been extracted from other minerals too numerous to 
mention. Sulphurets containing nickel and cobalt are not unfrequently 
met with in Colorado ; in Nevada, arsenical and antimonial ores are 
known to exist, whilst quite recently a very interesting mineral has 
been discovered in Calaveras County, Cal., namely, a tellurite of sil- 
ver gold, together with antimonial nickel, native tellurium, iron py- 
rites, free gold and tellurite of silver. This, however, differs in many 
respects from the tellurite of silver gold of Transylvania, with which 
most miners are familiar.'' 

Desulphurizing has three purposes, namely: Diminution of the 
state of aggregation, elimination of the volatile substance and oxida- 
tion of the remaining metals ; and this process has to be so conducted 
as to secure the greatest amount of gold and silver. As the diminu- 
tion of the state of aggregation is effected by any desulphurizing pro- 



* It is a general observation that the nearer sulphurets arc found to the surfuce, 
the richer they are in sulphur; but as wo penetrate into the veins below the action 
of atmospheric influences, wo find the signs of decomposition diminished, and pyrites 
appear in crystals of various sizes, and the quantity of gold in the ore also increa^ses. 
To the decomposition of the pyrites, is due that peculiar change in the quartz, 
coloring it red, making it cellular and of a spongy structure, called by miners, in 
many instances, "honey-combed '* or "burnt," wrongly supposing its peculiar ap- 
pearance to be due to ignition. 
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cess based upon the action of heat, we will consider the various kinds 
of processes. 

1. In regard to the consumption of fuel. 

2. In regard to the degree of oxidation obtained. 

8. In regard to the loss of gold and silver thereby occasioned. 

But as the consumption of fuel depends chiefly upon the construc- 
tion of the furnace, as the degree of oxidation obtained (provided we 
can get enough heat) depends principally upon the chemically acting 
agencies involved, and as the loss of precious metals depends upon both, 
we shall, after briefly describing the respective processes merely for 
the better elucidation of the subject, consider them — 

1. In regard to the construction of the furnace. 

2. In regard to the chemically acting agencies involved in the re- 
spective process ; and 

3. In regard to the loss of precious metals thereby occasioned. 

I. THE VARIOUS PROCESSES PATENTED IN THIS COUNTRY, CHIEFLY 
AS REGARDS THE CONSTRUCTION OF THEIR FURNACES. 

I. Reverheratory Furnace^.* — Most of the furnaces for roasting 
patented in this country are reverheratory furnaces. In these fur- 
naces, as is well known, the fuel is not in direct contact with the ore, 
but acts only by its flame, being separated from it by a low wall — the 
fire-bridge. The place on which the ore is spread is called the hearth. 
It is built of fire-proof materials and is flat or hollow, and covered by 
a more or less elevated arch of brickwork, by which means a portion 
of the heat is reverberated (from reverberer) or thrown back ; hence 
the name reverheratory furnace. The draft is necessarily in propor- 
tion to the diameter and height of the chimney. It is only recently 
that American inventors, rejecting the usual construction, have placed 
a cylinder of iron, glazed inside with materials not injured by the 
action of the sulphur, between the flue and the fire-bridge, this cylin- 
der, which holds the ore, being turned by machinery during the ope- 
ration of roasting. We shall consider these furnaces under — b. Rever- 
beratory Furnaces with Revolving Cylinders. 



* Being the most simple, we ought first to consider those furnnccs which are culled 
^^Kilns;^' but as there has only been one proposed in this country for roasting, and 
as wo are neither in possession of a full description nor drawing, though we have 
endeavored to obtain both, we must postpone our review of this kind of furnace for 
the next number. The patentee is Edward Kent, Esq., Meltcr and Reliner at the 
U. S. ABsay Office, in New York, otherwise advantageously known by his " Gold 
Separator." 



28 MECHANICS, PHYSICS AND CHEMISTRT. 

Various mechanical arrangements* for stirring the finely powdered 
ore have heen introduced both in the former and in the latter kind of 
furnaces. 

Of all the different kinds of construction, reverberatory furnaces 
are perhaps best adapted for roasting, because every kind of fuel can 
be used, the greatest efi'ect of the fuel is obtained, the temperature can 
be easily regulated at will, and the whole operation supervised with tho 
greatest facility. 

a — ORDINARY FURNACES. 

RivoVs Furnace is in operation in California. It is said that rock, 
paying $10 in silver per ton, could be worked to advantage in Europe, 
by subjecting it to Rivet's process. The furnace is so constructed that 
the flame cannot touch the ore in its passage from the fire-bridge to 
the flues, having a high fire-bridge, arch and flues, the arch being about 
thirty inches above the hearth, which is thirteen feet in size. 

Hence it follows that there must be a great loss of heat by adopting 
this furnace. 

The flame is also prevented from touching the ore by the introduc- 
tion of steam of about fourteen pounds pressure per square inch, near 
the fire-bridge and through pipes, passing through the arch. Great im- 
portance is attached, and much credit taken, for the peculiar mode of 
introducing the steam into the furnace, it being said to form a pro- 
tection against the access of air to the ore, Mr. Rivot considering it 
necessary that the air be completely excluded from the ore, in order 
to avoid the formation of sulphates, which are said to be injurious to 
the process of amalgamation. 

With this we agree ; but as concerns the plan adopted, if it is a really 
practical way to avoid the formation of sulphates, or rather, an imprac- 
tical and costly one, we shall investigate under the appropriate head- 
ing. We only regret that Mr. Rivot has not furnished us with some 
details relative to his mode of creating combustion without any air 
entering into the furnace. If such a result can really be accomplished, 
it would be of no little importance to industry ; but as Mr. Rivot 
merely gives us a rough statement, without describing any arrange- 



♦ Mechanical arrangements for stirring the ore in ordinary reverberatory furnaces 
have long been in use in England. They are, however, now, for the most part, super- 
Bodod by tho American ones. Wo find such a one already described in tho Berg- 
und'Uuttemndnnisehcn Zeiiung, 1852, page 2C0, and in C. F. Pluttuer'b VurUsun- 
gen uber allg. Uuitctikunde I , page 201. 
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ment, and as we know that, by the best improvements made in this 
line, the fire-gases which pass through the chimney always contain at 
least 10 per cent, of free oxygen, we have reason to doubt that Mr. 
Bivot fulfills what he assumes. 

Corbett*8 Furnace^ being twelve feet long by eight feet wide, is said 
to receive a charge of four tons of ore. In the construction of this furnace 
the arch is formed by a boiler, which is intended to supply the steam 
necessary for the propulsion of the machinery in crushing and amalga- 
mating. Through the centre of the furnace extends longitudinally a 
hollow shaft, provided with arms, holding peculiarly shaped shovels, 
which also are hollow and kept constantly filled with water. They 
are intended by their oscillation to keep the ore in motion, while their 
spiral shape gives it a longitudinal direction. 

It is said that the roasting of four tons of ore would be effected in 
five to six hours, and that twelve tons would be desulphurized in twenty- 
four hours. For roasting twelve tons three cords of wood are deemed 
necessary, and the total cost of roasting this quantity is said to amount 
to $42, while it is said it could not be done for less than $128 by the 
ordinary system. 

In regard to this furnace, we find but little originality, except in the 
arrangement with the boiler forming the arch, but as its lower surface 
has to be lined with a fire-proof material, to protect it from the sul- 
phurous vapors continuously generated, there can be but little heat 
saved. The mechanical arrangement for keeping the ore in motion is 
good, and there may be something new and peculiar in the form of 
the shovels. As the patentee claims that, by his process, compared 
with an ordinary furnace, two-thirds of the cost of roasting are saved^ 
we would like to know what furnace he means, there being so many 
in use. Again, we cannot see why the oscillating shovels have to be 
constantly kept filled with water. 

( To bo continuod. ) 



JOURNAL BEARINGS. 

By Coleman Sellers. 



At the stated meeting of the Franklin Institute, held October 19th, 
1866, Mr. Nystrom made some interesting remarks on the use of a 
compound of cast iron and steel, for journal-boxes and the like. He 
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also gave a tabular statement of the properties of cast iron and steel, 
as compared with brass, which showed conclusively in favor of the 
former. At the conclusion of his remarks, I am made by the reporter 
to say : " Cast iron bearings work very well, and perhaps better than 
brass." As these words do not fully express what I said, and the sub- 
ject is an interesting one, I propose to treat it more at large in these 
pages. In the infancy of the mechanic arts, wooden shafts or jour- 
nals revolved in wooden boxes ; wagon wheels, with hubs of hard wood, 
ran on wooden axle-trees. Then, cast iron boxes were driven into the 
wooden hubs, one at each end of the hub, and the wooden axle was 
plated, top and bottom, with wrought iron. But now, the model trot- 
ting wagon, which must run with the least possible friction, has a cast 
iron box the whole length of the hub, neatly fitted to a case-hardened 
wrought iron axle. Thus, in the history of the wagon, we see some 
little of the progress in perfection of journals. 

Wood, stone, brass, cast iron, steel and various soft alloys, under the 
general name of Babbet metal, have been, and are still, used as journal 
bearings, Oliver Evans, in his Millwright* b GuidCy published in 1795, 
tells how to proportion the cast iron gudgeons (as the journals are 
called) of water-wheels, and describes the stone bearings in which 
they are to revolve, enlarging on the necessity of surface to resist the 
pressure of the weight of the wheel, and of the proper methods of con- 
ducting off the heat generated by the friction. The modern engineer 
is called upon to apply his knowledge of the nature of various mate- 
rials for journal bearings, adopting such as each case may require. 

Holding that the perfection of mechanism calls for a hardened cast 
steel journal, ground true, and polished — running in a hardened cast 
steel bearing, accurately fitted to the bearing, with the pressure equally 
distributed over the whole surface, so arranged as to admit of thorough 
lubrication. In general terms, the harder the surfaces of both journal 
and bearing, the better do they work. But as the cost is an essential 
consideration, other and cheaper methods have to be resorted to 
in practice. In the rolling machinery for iron, the massive rolls 
have their journals, or necks, as they are called, supported in hard 
brass boxes, the pressure being very great, from the enormous 
strain to which they are subjected in the process of rolling bars or 
sheets of iron and steel. These brass bearings rapidly wear out, and 
require to be renewed. To save the bearings, many compounds of 
oopper, tin, antimony &c. have been tried, such compounds melting 
at a low temperature, and capable of being cast into cast iron cases, 
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to hold them in shape — presenting as the wearing surface to the jour- 
nal a softer material than the brass. Such bearings do last longer 
than brass, and cost much less ; but practice shows that the wear takes 
place in the journal of the roll, and not in the bearing, and thus the 
more expensive part of the machinery suffers. The reason of this is, 
the soft metal holds the hard particles of the dust and grit from the 
cinder &c. to which the journals are always exposed, each little par- 
ticle becoming a cutting point to gradually wear down the hard metal 
of the journal ; thus imitating the very means which a skillful work- 
man would resort to, did he desire to grind down a similar mass of 
cast iron. The grinding clamps used by machinists to grind to size, 
cylindrical bars of hard metal, are usually made of cast iron, lined 
with soft metal — lead, for instance — and the emory used in grinding is 
held by the soft metal, which wears away very slowly in the process, 
while the cylinder of hard metal revolving in the clamps is quite rapidly 
reduced, just as the journal of the roll is worn down by the grit held 
by a soft metal bearing. Now, although these soft metal bearings do 
not answer for such purposes as the one just described, yet it does not 
follow that they are always to be avoided. There are cases in which 
they recommend themselves by their facility of construction and cheap- 
ness, and when they are protected from* dust and grit they do not in- 
jure the journal. 

The surface of journals and their bearings should always be pro- 
portioned to the work they have to perform, i.Cy to the pressure to 
which they may be subjected. A hardened steel journal in a hardened 
steel bearing, will work under a given pressure with less surface than 
would be required for a soft iron journal in a cast iron bearing. But 
when it is possible to obtain sufficient surface, the cast iron bearing, 
from its cheapness, ease of construction, hardness and that property 
which it possesses of rapidly giving off the heat from friction, recom- 
mends itself as best suited for the majority of cases.. To use cast 
iron successfully as a bearing, it should not be subjected to more pres- 
sure than about one hundred pounds to the square inch of surface ex- 
posed to the pressure, and the pressure should be uniform over the 
whole surface. All first-class machinists' tools — as, for instance, planing 
machines for metals — abound in examples of cast iron bearings, and 
in very many cases the bearings are made without any means of com- 
pensating for wear ; that is, they consist of cylindrical holes in the 
solid metal, in which the journals fit accurately. And instances abound 
in which journals and bearings so made, have shown no appreciable 
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wear after years of hard work. In the construction of machines with 
rigid frames of metal, the journal bearings are mostly cast as part of 
the frame, bored in line with one another, and are what are called rigid 
bearings. When, however, the metal bearings are attached to wooden 
frames, as in the case of line shafting for conveying motion from the 
steam-engine to the various machines in a factory, the bearings should 
be so made that they can accommodate themselves to the varying 
positions of the shafting, and insure an equality of pressure over their 
surface. Bearings of this character, of cast iron, are now in almost 
universal use for shafting purposes, under the general name of swivel 
or ball and socket hangers. As the consideration of the proper pro- 
portion of the wearing surfaces to the work, in the use of these swivel 
hangers, may be interesting to some of the readers of this Journal^ I 
shall reserve it for a separate article in the next number. 



From tho London Cir. Eng. and Architocts* Jonrnal, October, 1866. 

ON TREATMENT OF MELTED OAST IRON AND ITS 

CONVERSION INTO IRON AND STEEL BY 

TUB PNEUMATIC PROCESS.* 

By Mr. Robert Mushet. 

In the year 1815, my father, Mr. David Mushet, took out a patent 
for tho manufacture of refined iron direct from the blast-furnace. 

For this purpose he erected a small blast-furnace, SO feet high, blown 
by means of three tuyeres, with a pressure of blast of about three pounds 
and a half per square inch. These tuyeres were arranged so as to dip 
down upon the surface of the melted iron in the hearth of the furnace, 
and when the hearth was full, or nearly full, the tuyeres were partially 
below the surface level of the melted iron. There was no difficulty ex- 
perienced in keeping the melted iron in a liquid state in the middle of 
the hearth, but round the sides the refined iron chilled, and formed what 
is technically termed ^^ scull," and this rendered it very difficult, and 
sometimes impossible, to tap the furnace and run off the portion of the 
metal which retained its fluidity. When the tapping took place, the 
metal flowed from the furnace intensely heated, and throwing off the 
most brilliant scintillations. The temperature of the metal, like that of 
ordinary refined metal, was far higher than that of pig iron produced 
under the regular working of a blast-furnace. The pigs of metal ob* 
tained were perfectly solid, showing, when broken, a aense white steely 
grain. They were so strong as to bend before they broke, and occasion- 
ally they could not be broken at all, though struck by the heaviest 

* Boad boforo tho British Aj»ociaition, Nottingham, 1SC6. 



TREATMENT OF MELTED CAST IRON. 38 

sledges wielded by the most powerful men ; the metal was, in fact, crude 
cast steel, and could be chipped with a cold chisel, and, when annealed, 
was susceptible of being forged at a low heat to some extent. The de- 
fect in this process was that, as in the refinery, the waste of metal was 
excessive, owing to the surface action of the blast upon the melted iron 
for a prolonged period. The difficulty of keeping the hearth open, and 
of tapping, arose merely from the small size of the furnace and hearth, 
and the weakness of the blast. The iron was, however, decarbonized, 
so as to be in the condition of crude cast steel, too highly oxygenated, 
however, to be forged into bars of commercial value. 

The experiment I have described was, I believe, the first practical 
step taken in the development of the pneumatic process, thought it was 
certainly not undertaken with any idea of producing either malleable 
iron or steel by that process, but simply a highly decarbonized refined 
metal. About the year 1850, 1 made experiments with some very highly- 
blown refined iron from the Parkend Ironworks, in the Forest of Dean, 
and found that, when alloyed with manganese, this refined metal could 
be forged into sound bars of very hard steel, too hard, indeed, for any 
practical purpose, but, nevertheless, solid, and free from seams or flaws, 
indicating that if the iron could be sufficiently decarbonized whilst in 
the melted state, steel of marketable quality might be obtained by sim- 
ply adding some metallic manganese to the decarbonized metal. 

In the autumn of 1856, Mr. Henry Bessemer read a paper at the 
meeting of the British Association in Cheltenham, which, whilst it filled 
the scientific as well as the practical world with astonishment, did not 
in the least surprise me, except in the one circumstance of its being 
possible to maintain a tuyere beneath a heavy column of melted cast 
iron. That, indeed, appeared to me most surprising, as I was well aware 
of the highly destructive action of the iron slag which is generated by 
the action of atmospheric air upon melted cast iron. However, what I 
considered impossible had actually been accomplished by Mr. Bessemer, 
and the first great advance towards rendering steel as cheap as iron had 
b^en inaugurated by that gentleman. 

Mr. Bessemer's process consisted in forcing air through melted cast 
iron by means of tuyeres situated beneath the surface of the melted 
iron. When melted cast iron is subjected to this process, the silicon 
contained in the iron is first combined with the oxygen of the blast, 
and thrown to the surface as a light, frothy, gray slag. Next, the 
carbon of the melted iron enters into combustion, and, lastly, the iron 
itself is attacked and consumed with the development of an intense tem- 
perature, sufficient to keep the iron, though freed from carbon, in a 
perfectly liquid state. 

When the silicon and the carbon have been nearly or wholly elimi- 
nated from the cast iron operated upon, the product obtained is either 
crude cast steel or iron, according to the degree of decarbonization ar- 
rived at. Ingots cast from this metal are more or less unsound, and, 
when forged, they frequently crack or break off", owing to their red- 
Bhortness, and are wholly unfit for the requirements of commerce. More- 

VoL. LHI. 3 
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over, whenever the melted cast iron operated upon contains sulphur and 
phosphorus to any notable extent, the decarbonized iron is found to 
be so crude and brittle that it cannot be forged at all, and is, in fact, 
less valuable than the pig iron it has been made from. Hence, only the 
purest coke pig irons of Great Britain are at present suited for Mr. Bes- 
semer's process, and these are comprised in the hematite pig irons, the 
Forest of Dean pig irons, the Weardale spathose irons, and the Blan- 
avon and Pontypool Welsh brands; these latter two being, however, far 
inferior to the other brands for the pneumatic process. 

Mr. Bessemer naturally inferred that he should be able to produce 
both cast steel and iron by his process alone, and it by no means de- 
tracts from his merits that he happened to overlook the fact that iron 
exposed in the melted state to the action of oxygen becomes as it were 
debased. Some persons term it ^' burnt iron,'' but I call it ^'oxygenated 
iron;" and oxygenated iron can never of itseh* constitute a commer- 
cially valuable article. This oxygenation can be prevented when a metal 
is present whose affinity for oxygen is greater than the affinity of iron 
for oxygen, and it can be remedied when such a metal is subsequently 
added to the oxygenated iron. When Mr. Bessemer read his paper, I 
foresaw all the difficulties he would have to encounter from oxygenation 
of his iron, and I knew that the remedy was simple and attainable, pro- 
vided a suitable metal could be found at such a cost and in such quanti- 
ties as would render its use practicable on the large scale. Out of sev- 
eral metals possessed of the required properties, I selected the metal 
mansanese as found abundantly in the spiegeleisen or spathose pig iron 
of Rhenish Prussia, and combined therein with carbon and iron, the 
iron forming a convenient vehicle by means of which I could introduce 
the metallic manganese into melted decarbonized iron treated by Mr. 
Bessemer's process. My first experiment was with some Bessemer metal 
prepared at the Victoria Ironworks from hematite pig iron. The ex- 

Seriment was made in small crucibles containing only a few ounces, the 
lessemer metal being melted in one crucible, and the spiegeleisen in 
another; the melted contents of the crucibles were then mixed, and a 
small ingot cast. This ingot was forged into a bar of excellent cast 
steel, which was doubled, welded and made into a chisel, and was found 
for all practical purposes to be cast steel of fair average quality. 

I then extended the scale of my experiments, and operated with steel 
melting pots, containing from 40 lbs. to 50 lbs. of Bessemer metal each, 
and melting the spiegeleisen in smaller crucibles. The most complete 
success resulted from these experiments, and Mr. S. H. Blackwell hav- 
ing subsequently supplied me with a small blowing engine, capable of 
maintaining a blast of 10 lbs. pressure per square inch, I operated upon 
quantities of melted cast iron of from 500 lbs. to 800 lbs., and with similar 
success, the Bessemer metal being wholly freed from unsoundness, red- 
shortness, and other defects which had precluded its being forged or 
rolled into a marketable product. The British pig irons that I found 
best suited for the joint processes of Mr. Bessemer and myself were the 
Lancashire and Cumberland hematite iron, the Weardale spathose iron 
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and the Forest of Dean pig iron. Of foreign brands, the Indian char- 
coal pig, and some manganese pig iron from Sweden, gave the best 
results, though not so satisfactory as those obtained when hematite coke 
pig irons were employed. I had, meanwhile, secured my invention by 
letters patent, dated September 22d, 1856. This patent lapsed in 1859, 
through non-payment of the stamp-dutj^ of £50, owing to some unac- 
countable oversight of the trustees to whom I had been advised to en- 
trust my patent rights. My invention thus became public property, and 
I was deprived by this accident of all remuneration for an invention 
which every person, practically acquainted with the manufacture of 
Bessemer metal, will admit to be of immense value. 

I speak, no doubt, as an interested party, and my opinion is, there- 
fore, open to criticism; but I venture to submit that an invention such 
as that described in my last patent, places all who have been benefited 
by its use under a moral obligation to recognize my claims to remunera- 
tion; for although by the accident of the non-payment of the stamp- 
duty my invention became public property, I still think that the acci- 
dent ought not to debar me from the reward that I am morally entitled 
to, and could have commanded to so large an extent, but for the over- 
sight of those on whom I relied. 

Much remains to be done to extend the use of the pneumatic or Bes- 
semer process to the ordinary brands of pig iron at present considered 
to be unfit for this purpose. I am, I believe, in possession of the requisite 
knowledge to accomplish all this, and I am only awaiting the opportu- 
nity to do so, whenever the Titanic Company, with whom I am associ- 
ated, shall consider that the proper time has arrived for them to erect 
a suitable Bessemer apparatus at their works. 

The means are, I believe, as simple and efficacious as is the addition of 
spiegeleisen, now invariably employed by all Mr. Bessemer's licenses 
in England, and the resulting advantages will be proportionally great. 

In Sweden, the Bessemer process has been carried out by operating 
upon certain brands of Swedish pig iron containing a considerable alloy 
of metallic manganese; the result is, that with the subsequent addition 
of a little of the same manganesic pig iron in lieu of spiegeleisen, a work- 
able steel is produced of moderate quality, but too seamy and unsound 
to be of much value for tools, and not nearly so tough and strong as the 
Bessemer steel made in this country from our own coke pig irons, and 
it can never enter into competition with our English Bessemer steel. 
In treating melted cast iron by the pneumatic or Bessemer process, the 
simplest plan is to deprive the iron of the whole of its silicon and car- 
bon. In this case, the addition of a given weight of spiegeleisen, or of 
any similar metallic compound of iron and manganese containing car- 
bon to a given weight of decarbonized cast iron, will ensure results of 
tolerable uniformity as to the hardness or temper of the steel produced. 
The effect of adding spiegeleisen to Bessemer metal is as follows: 

The metallic manganese, by its superior affinity for oxysen, de-oxy- 
genates the decarbonized metal, and renders it sound ana free from 
red-shortness. 
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The carbon of the spiegeleisen steelifies the mixture, and improves it 
when stiff or hard metal is required. 

The iron of the spiegeleisen adds to the weight of the charge, and 
may, therefore, be considered as a gain to nearly the amount of its weight. 

The silicon which is found in spiegeleisen has the effect of reducing 
the boiling or agitation of the. pneumatized metal when poured into 
moulds, and is therefore beneficial, and it is not present to any injuri- 
ous extent in spiegeleisen. 

The hardness or temper of the Bessemer steel may be increased at 
pleasure by increasing the dose of spiegeleisen. 

When spiegeleisen is added to Bessemer metal containing sulphur, 
and the pneumatic blast is turned on so as to eliminate the carbon and 
manganese of the spiegeleisen, a portion of the sulphur of the pneumat- 
ized iron is carried off by the manganese, and thus, by repeated addi- 
tions of spiegeleisen and subsequent eliminations of its manganese, 
pneumatized cast iron may be wholly desulphurized. 

In a similar manner, Bessemer metal containing phosphorus may be 
dephosphorized by employing titanic pig iron in repeated doses to eli- 
minate the phosphorus, and when both sulphur and phosphorus are pre- 
sent, both may be eliminated by repeated additions of spiegeleisen and 
titanic pig iron, the pneumatic blast being turned on after each such 
addition made to the pneumatized cast iron. 

The pneumatic process of Mr. Bessemer, in conjunction with my 
spiegeleisen process, is producing a revolution in the engineering world, 
and in all the departments of art dependent upon engineering, to an 
extent almost incredible, and the magnitude of its ultimate effects it is 
impossible fully to foresee. Mr. Bessemer 's name will be remembered 
in connection with this, the greatest metallurgical invention the world 
has ever seen; and I venture to hope that I may not be wholly forgot- 
ten as having supplied the link which was wanting to render Mr. Bes- 
semer's process what it now is. As I have had much experience in 
matters relating to the steel manufacture, it was not surprising that I 
should at once have been able to devise the remedy for the one solitary 
defect which marred the success of the pneumatic process at its outset. 



Translated fbr the Franklin Instltnte Journal from the Comptes Rendiis, Vol. LXIII^ page 771. 

A NEW FORM OF THE HOLTZ MACHINE. 

Memoir by M. Bsrtsch. 

Notwithstanding the theory that its author gives of the Holtz 
machine, it appears to me a complicated solution of the problem I 
propose to solve. I have nevertheless tried, in the construction of 
this new apparatus, to banish all doubt about the action of its parts, 
so that one cannot mistake the origin of its eflfects. Also, though 
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analogous in form^ it is easily seen that this generator is very dif- 
ferent from that of which I have previously spoken, (i. e., the Holta 
machine.) ^ 

It is not composed of two disks of isolating substance, but of one 
alone, so that we need not consider the action of a layer of interposed 
air in the production of the phenomena. The disk, formed of a thin 
sheet of isolating material, is mounted on a shaft of the same sub- 
stance, and can, by means of a handle or treadle, be rotated with the 
rapidity of ten or fifteen turns a second. 

Two collectors with metallic points, but not connected, are placed 
perpendicularly to the plane of the disk, and at the opposite extremi- 
ties of its diameter, and serve as the origin of the manifestation or 
display of the double current which is created. Each of these collec- 
tors is furnished with a movable arm, which serves as an electrode, 
each ending with a ball, and they separate from each other at right 
angles, or approach until they meet. A conductor with a large surface 
is connected with one of these poles to increase the tension. 

Behind the plate, and parallel to it, can be placed, if desired, one 
or more sectors or thin plates of isolating material, not in contact with 
the last, but at a little distance from it. These movable sectors can act 
either alone, or superposed one on another. These sectors are of 
about sixty degrees each, and of a triangular form. They serve as 
inductors. 

To start the machine it is sufficient to rub one of the sectors lightly 
with the hand, which electrifies its surface, and to place it in the po- 
sition indicated. The wheel being put in motion, a series of sparks 
spring without intermission between the two electrodes. Whether the 
motion of the wheel is interrupted or no, the apparatus remains charged, 
as does the ordinary electrophorus. In a dry atmosphere, the flow of 
electricity will last for several hours without any sensible diminution ; 
this seems to prove theoretically that it would continue indefinitely if 
the air was isolated in an absolute manner. 

If behind the first we add a second sector, equally electrified by fric- 
tion, the quantity of electricity is doubled, without, however, augment- 
ing the tenison, because the surface of the conductor remains the same. 
A third and fourth sector superposed on the first, are so many new in- 
ductors, and augment the quantity, which is only limited by the dis- 
tance of the electrified surfaces, the diameter, the rapidity of the wheel 
and the promptness with which it regains equilibrium by the electrodes. 
With a disk of fifty centimeters (twenty inches) of hardened rubber, 
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and movement of ten turns a second and two sectors, you can obtain, 
almost without interruption, sparks of from ten to fifteen centimeters 
(four to six inches) having sufficient tension to pierce a piece of glass 
of one centimeter (?) thickness, and can illuminate continuously a tube 
of more than one metre (three feet three inches) filled with rarified 
gas, and set fire to combustible material at a short distance. 

This plate can charge in thirty or forty seconds a battery of two 
metres (twenty-one and a half square feet) of interior surface, which 
will volatilize a sheet of gold leaf, and burn one metre of iron wire 
employed in the lightning arrester of telegraphs. 

Finally, by the simplicity of its construction, this apparatus seems 
to realize practically the idea of a continuous electrophorus, and of a 
convenient and permanent source of electricity. By the effects, rela- 
tively of importance, which it gives, and the yet doubtful questions, 
on the induction of statical electricity, which it helps to solve, it seems 
to me of interest. 



THE LAST SCIENTIFIC TOY. 

Wb have just received from Wilson & Hood, No. 626 Arch Street, 
the last photographic novelty, in the shape of some cigar-holders made 
of paper and quill, each showing a blank medallion, on which, however, 
a photograph is developed in a few moments when the holder is used 
for its intended purpose. It appears from experiment that the am- 
monia of the smoke is the developing agent, but the exact nature of 
tho action as yet defies the sagacity of the most learned in photo- 
graphic affairs. These articles are sold for a trifle, and form a good 
addition to our already long list of scientific toys. 



From the London BugliMering, No. 4ft. 

FILTERING WATER. 



Thb success with which animal charcoal has been employed for fil- 
tering the East London Company's water, as supplied to the seven hun- 
dred occupants of Miss Burdett Coutt's model lodging-houses in Colum- 
bia Square, has been remarkable. Dr. Frankland has found (and we 
drew attention to the fact in Engineering of the 26th ult., page 825,) 
that the solid impurities were reduced from 30*2 grains per gallon to 
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21-76 grams, the organic matter from 1-25 grains to 0*28 grain, and 
the hardness {i. e., the number of grains of bicarbonate of lime or its 
equivalent in one hundred thousand parts) from 20*2 to 7*1. 

One of the most energetic purifiers of water bj filtration is Mr. 
Thomas Spencer's artificially prepared magnetic oxide of iron. Filter- 
beds, in which layers of this material are overlain by sand, are now in 
use at Wakefield, Southport and Wisbeach. In the case of Wakefield, 
supplied from the Calder, the water as it is taken from the river is very 
impure. Mr. Filliter, the engineer to the Wakefield water-works, as he 
is also to those of the Corporation of Leeds, has two filter-beds of five 
hundred square yards each, at Wakefield, having each a layer of nine 
inches of Mr. Spencer's oxide overlaid with sand. Two more beds, of 
six hundred square yards each, are to have a layer of oxide of the same 
thickness, and thus nearly half an acre of filtering oxide will soon be 
in use in Wakefield alone. The effect upon the water is magical. It is 
not only cleared in appearance, but its organic impurities are nearly all 
removed. At Southport the water contained carburet* of iron, which 
turned the tea made with it to the blackest of ink. This has been also 
removed by the oxide of iron. 

In preparing his oxide, Mr. Spencer calcines red hematite ore along 
with bard-wood sawdust for five or six hours in a close retort. This is 
all that is required to convert the ore into a black granular mass, which 
is strongly magnetic. Delivered at the works where it is employed, the 
cost is about <£4 per ton. 



From the London Chemical News, No. 851. 

ON THE ABSORPTION AND DIALYTIC SEPARATION OF 

GASES BY COLLOID SEPTA. 

Bt Thomas Graham, F.B.S. 

It appears that a thin film of caoutchouc, such as is furnished by 
varnished silk or the transparent little balloons of india rubber, has no 
porosity, and is really impervious to air as gas. But the same film is 
capable of liquefying the individual gases of which air is composed, 
while oxygen and nitrogen in the liquid form are capable of penetrat- 
ing the substance of the membrane, (as ether or naptha does,) and may 
ftgain evaporate into a vacuum and appear as gases. This penetrating 
power of air becomes more interesting from the fact that the gases are 
unequally absorbed and condensed by rubber, oxygen 2^ times more 
ibandantly than nitrogen, and that they penetrate the rubber in the 
lame proportion. Hence the rubber film may be used as a dialytic sieve 
for atmospheric air, and allows very constantly 41*6 per cent, of oxy- 
^n to pass through, instead of the 21 per cent, usually present in air. 

*The writer do doubt moans Carbonate. — Ed., H. M. 
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The septum keeps back, in fact, one-half of the nitrogen, and allows 
the other half to pass through with all the oxygen. This dialysed air 
rekindles wood burning without flame, and is, in fact, exactly inter- 
mediate between air and pure oxygen gas in relation to combustion. 

One side of the rubber film must be freely exposed to the atmosphere, 
and the other side be under the influence of a vacuum at the same time. 
The vacuum may be established within a bag of varnished silk or in a 
little balloon, the sides being prevented from collapsing by interposing 
a thickness of felted carpeting between the sides of the varnished cloth, 
and by filling the balloon with sifted sawdust. For commanding a va- 
cuum in such experiments, the air-exhauster of Dr. Herman Sprengel* 
is admirably adapted. It possesses the advantage that the gas drawn 
from the vacuum can also be delivered by the instrument into a gas-re- 
ceiver placed over water or mercury. The "fall tube** has merely to 
be bent at the lower end. 

The surprising penetration of platinum and iron tubes by hydrogen 
gas, discovered by MM. H. Sainte-Claire Deville and Troost, appears 
to be connected with a power resident in the same and certain other 
metals to liquefy and absorb hydrogen, possibly in its character as a 
metallic vapor. Platinum in the form of wire or plate at a low red 
heat may take up and hold 3*8 volumes of hydrogen, measured cold ; 
but it is by palladium that the property in question appears to be pos- 
sessed in the highest degree. Palladium foil from the hammered metal, 
condensed so much as 643 times its volume of hydrogen, at a tempera- 
ture under 100° C. The same metal had not the slightest absorbent 
power for either oxygen or nitrogen. The capacity of fused palladium 
(as also fused platinum) is considerably reduced ; but foil of fused pal- 
ladium, for which I am indebted to Mr. G. Matthey, still absorbed 68 
volumes of gas. A certain degree of porosity may be admitted to exist 
in these metals, and to the greatest extent in their hammered condi- 
tion. It is believed that such metallic pores, and indeed all fine pores, 
are more accessible to liquids than to gases, and in particular to liquid 
hydrogen. Hence a peculiar dialytic action may reside in certain me- 
tallic septa, like a plate of platinum, enabling them to separate hydro- 
gen from other gases. 

In the form of sponge, platinum absorbed 1*48 times its volume of 
hydrogen, and palladium 90 volumes. The former of these metals, 
in the peculiar condition of platinum black, is already known to take 
up several hundred volumes of the same gas. The assumed liquefac- 
tion of hydrogen in such circumstances appears to be the primary con- 
dition of its oxidation at a low temperature. A repellent property pos- 
sessed by gaseous molecules appears to resist chemical combination as 
well as to establish a limit to their power to enter the minuter pores of 
solid bodies. 

Carbonic oxide is taken up more largely than hydrogen by soft iron. 
Such an occlusion of carbonic oxide by iron at a low red heat appears 

* Chemical Society's Journal, ser. 2, vol. iii., p. 9, (1865.) 
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to be the first and necessary step in the process of acieration. The gas 
appears to abandon half its carbon to the iron, when the temperature 
is afterwards raised to a considerably higher degree. 

Silver has a similar relation to oxygen, of which metal the sponge, 
fritted but not fused, was found to hold in one case so much as 7*49 
volumes of oxygen. A plate of wire of the fused metal retains the same 
property, but much reduced in intensity, as with plates of fused plati- 
num and palladium in their relation to hydrogen. — Proceedings of the 
Royal Society. 



From the London Enguieering, No. 41. 

DISTILLING SEA-WATER. 

In the northern part of Chile, near the coast, rain seldom or never 
falls, and fresh water, in large quantities, is nowhere obtainable. On 
the opening of the Copiapo Railway, from the port of Caldera inland, 
it became necessary to distill sea-water for the supply of the locomotives, 
and the quantity distilled at length became as much as 15,000 gallons 
daily. As coal on the coast costs from 12 dollars to 15 dollars per ton, 
the process of distillation was in any case an expensive one; but the 
mode of distillation was such, that as much as 40 lbs. of sea-water were, 
we are informed, sometimes evaporated per pound of coal, so that the 
cost was not as great as would at first sight appear. This rate of evapo- 
ration would, of course, be impossible, except with special evaporating 
apparatus, the action of which may be easily understood. The engineer 
to the line, Mr. W. W. Evans, ordered from Mr. A. M. Perkins, of 
London, five steam boilers, four of which contained each a large number 
of condensing tubes, instead of the usual furnace and fire tubes. In- 
deed, these four boilers were true surface condensers, although the 
steam was condensed in them into hot water of considerable tempera- 
ture and under considerable pressure. The boilers were all thickly 
clothed with felt and ashes to prevent radiation, and were filled to the 
usual water level with sea-water. A fire was maintained in the furnace 
of the first boiler of the series, and the water in it was thus evaporated 
under a pressure of perhaps 100 lbs., and at the usual rate of 8 or 9 lbs. 
per pound of coal. The steam was led into the tubes of the next boiler, 
where it imparted its own heat to the sea-water surrounding the tubes, 
and thus raised steam, which was maintained at a somewhat lower pres- 
sure than that in the first boiler. Thus, suppose the steam in the first 
boiler to be at 100 lbs. pressure, and to have a temperature, as it rose 
from the brine, of 345°, (being a little higher than the temperature of 
steam rising from fresh water under the same pressure,) and suppose the 
steam in the second boiler to stand at 65 lbs. and at 315°. Here is a 
difference of temperature of 30°, sufficient for condensation, and thus 
all the steam from the first boiler would be condensed into water of 
845**, or a little less. In condensing it would give off* rather more than 
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875° of latent heat to the water in the second boiler, so that each pound 
of steam condensed would generate, from feed-water at 70°, about | lb. 
of additional steam of 65 lbs. pressure. The third boiler might be worked 
at 35 lbs. and at 280°, the fourth at 14 lbs. and at 250°, and the fifth 
at atmospheric pressure and 220°, (according to the saltness of the water, 
fresh water boiling at 212°.) In this way there would be a difference of 
80° or more between each successive pair of boilers, a difference suffi- 
cient to insure condensation as the steam raised in one was let into the 
tubes of the boiler worked at the next lower pressure. As lower and 
lower temperatures were met in the scries of boilers, each pound of 
Btcam used for heating would successively give off a higher proportionate 
quantity of steam in the boiler next below it. Thus, if one pound of 
Bteam in the firc4 boiler would generate three-fourths of a pound of 
steam in the boiler worked at the next lower pressure, the steam from 
the latter would generate, not three-fourths as much as the fired boiler, 
but rather more than three-fourths its own weight in the third boiler 
in the series. This is supposing the water to be fed to the boiler in each 
case at a moderately low temperature, say 60°, and supposing the con- 
densed steam to be taken off at the temperature of condensation, say 
220 to 345°, in the different boilers. If, however, the high temperature 
of the condensed steam were utilized in heating the feed- water, a higher 
proportion of the heat of each pound of steam would be extracted 
from it. 

Mr. Evans has informed us that as much as 40 lbs. of water were 
evaporated per pound of coal, in the case of the range of boilers at Cal- 
dera; but we believe no definite report has ever been made upon their 
performance. We do not even know the exact pressures at which they 
were worked, and we have taken the pressures already mentioned only 
for illustration. Supposing a difference of temperature of 10° or 15° 
to be sufficient for the active condensation of steam, then a lower range 
of pressures would not only suffice, but would give better results than 
we have roughly estimated, results which show about 25 lbs. to 30 lbs. 
of water evaporated per pound of coal, without reckoning the consider- 
able loss by blowing off to prevent salting. 



from the London Jonrnal oftho Sodetj of Arts, No. 680. 
(Continued from Vol. LII.» page 887.) 

CANTOR LECTURES— SUBMARINE TELEGRAPHY. 

By Flesmikq JsKxiir, Esq., C.E., F.R.S. 

5. Proposed Improvements. — Reels have been proposed In ships as 
a substitute for the coils in tanks. Their great mass in motion would 
be diflScult to control. Mr. Siemens actually tried, with some success, 
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a reel for a ligbt cable, and drove it with an engine; he abandoned the 
plan for the old system. The defects which the reel is supposed to remedy 
do not exist. Captain Selwyn has proposed to use a reel floating in the 
sea, ingeniously retarded by paddles, which would prevent too much 
slack from being laid. It hardly becomes a landsman to tell a sailor that 
such a reel would be unmanageable; but the difficulties of coiling in 
water, of launching the reel if coiled on land, of protecting the surface 
of the cable against collisions, of testing the cable, of remedying any 
deefct, should any arise, and even of preventing one coil from cutting 
into those immediately below it, seem unavoidable, and the defects the 
invention is supposed to remedy are imaginary. Buoys have been pro- 
posed to relieve the cable from part of its weight ; any hollow buoys 
would be crushed very shortly after leaving the surface. Mere wooden 
floats would do little, and be difficult of attachment. This invention 
also labors under the disadvantage of being unnecessary, since cables 
can be paid out with twelve hundred weight strain or less, which will 
bear one hundred and fifty hundred weight. Vanes on a cable, opposing 
its slipping backwards, would be correct in principle, although probably 
quite impracticable; the result aimed at is obtained by increasing and 
ronghing the surface of the cable. Most engineers who have had practical 
experience deprecate any attempt to catch the cable by nippers after 
it has left the ship. The danger of fouling is more considerable than 
the extra chance of safety given by the nipper. Lastly, many proposals 
have been made for some kind of elastic arrangement, to compensate 
for the change of strain caused by the rise and fall of the ship. When 
cables are paid out so nearly horizontally as is now the case, these ar- 
rangements, even if practicable, are not required, the alteration of the 
strain, caused by the motion of the ship, is quite inconsiderable, and 
there is great difficulty in devising any elastic arrangement which by 
the inertia or momentum of its parts would not aggravate the evil, such 
as it is. Unless when going very slow, in very bad weather, the best 
conceivable elastic arrangement would be useless, if not injurious. 

6. Mepaira in ihallaw water. — So long as the outer wires of a cable 
remain sound, repairs in shallow water are always easily effected. The 
cable is caught by a grapnel, lifted to the surface, cut, tested, and if 
the fault be near at hand, one end of the cable is buoyed, the other end 
passed round a drum driven by a steam-engine, which gradually hauls 
m the cable till the fault is found, when it is repaired, the cable again 
paid out, and spliced at the part buoyed. Bad weather and a rocky bot- 
tom are the chief difficulties to be contended with. Sometimes the cable 
is not cut or hauled on board, but simply underrun, passing over a grap- 
nel or sheave hung outside the bows of the ship ; as the ship moves for- 
ward the cable rises in front and is again lowered behind the ship. There 
are many points of practical interest connected with repairs in shallow 
water, and the lecturer refers those who require further details to Mr. 
P. C. Webb's paper in the T^ransactions of the Institution of Oivil En- 
gineers^ 1857-58. If the bottom be good, i, e., sandy or muddy, cables 
can always be recovered within one hundred fathoms, and they are fre- 
quently hauled up in much greater depths. 
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7. Repairs in deep Seas. — The only method hitherto practised with 
success has been to commence in shallow water and gradually haul the 
cable on board, as described above. By carefully keeping the cable hang- 
ing vertically from the bows the strain on it will not greatly exceed in 
calm weather the weight of the cable hanging plumb from the ship. 
Cables have been recovered in this way out of depths of one thousand 
and one thousand five hundred fathoms at the rate of about a mile per 
hour. Messrs Newall were very successful in the Mediterranean in re- 
covering many cables by this plan, and the lecturer has seen a cable 
hang for three days at the bows of a ship where the depth was eight 
hundred fathoms, while the ship pitched violently owing to bad weather; 
the cable did not break, and was relaid with success. Even in this case 
the rise and fall of the ship did not injure the cable, but the change in 
the strain on the cable was great, and any good elastic compensation 
would have been useful; the cable itself, yielding say one-quarter per 
cent, in a mile, gives a certain elasticity. Although this method of re- 
covering deep sea cables is not hopeless, the risks are great ; bad weather 
or a weak point in the cable entail almost certain failure. A good nip- 
per to catch the cable, should it break in board, as it frequently does, 
might be of material service. Few persons will be sanguine enough to 
expect that a cable could be steadily picked up for one thousand con- 
secutive hours, or say forty days, with about half its theoretical break- 
ing strain necessarily always upon it. We should, therefore, be grateful 
to the engineers in charge of the late Atlantic expedition for showing 
us that even in two thousand fathoms of water the attempt to hook a 
cable with a grapnel is far from hopeless. The chance of success by this 
method will now be examined. If a cable were laid absolutely taut along 
the bottom of the sea, when hooked by the grapnel it would rise a little 
way in virtue of its elasticity; if it stretched one per cent., by the time 
ten miles of it were oflF the ground the apex would be half a mile from 
the ground, a result few are prepared to expect ; but the strain on the 
cable where caught would be very great, equal to the weight of about 
twenty-four miles of the cable, though the weight on the grapnel rope 
would be only that of ten miles of cable. The result, therefore, of try- 
ing to raise a cable such as the Atlantic laid taut, would certainly be 
to break it; but cables are not laid taut in deep water, and the At- 
lantic is laid with a mean slack of about twelve per cent., and in the 
last days we may even count on fourteen or fifteen per cent, slack ; that 
is to say, for every hundred miles passed over, one hundred and four- 
teen or one hundred and fifteen miles of cable were laid. Lay on the 
floor one hundred and fourteen inches of chain, between two points one 
hundred inches apart, lift it in the middle on a hook, the two ends will 
hang down in catenary curves, and when the cable at the extremities 
is just ofi* the floor, the hook will be 23*3 inches from the floor. Quite 
similarly a cable laid with fourteen per cent, slack will, when caught 
by the grapnel, hang in two half catenary curves, and by the time 11'4 
miles of the cable are off the ground, the grapnel will be two thousand 
three hundred and thirty fathoms from the bottom, i. e.y at the surface 
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Table VII. — Oiving length of Cable lifted with a given alacky and hanging in a 

catenary curve, S^c, 





Tension athighest point in 






Slack in per 
centage. 


terms of the weight of a 
length of Cable hang- 
ing vertically from the 
surface to the bottom. 


Length of curve in 
terms of versine. 


Length of versine 
oi' span lUO. 





Infinite. 


Infinite. 





1 


47-6 


19-42 


6-2 


2 


20-8 


12-75 


8-0 


8 


13-6 


10-20 


101 


4 


100 


8-74 


11-9 


6 


818 


7-84 


13-4 


6 


6-90 


7-16 


14-8 


7 


601 


604 


161 


8 


639 


6-24 


17-3 


9 


4 88 


6-92 


184 


10 


4-52 


5-67 


19-4 


11 


418 


5-43 


20-46 


12 


8-89 


6-21 


21-5 


14 


8-49 


4-89 


23-3 


16 


812 


4-68 


26-3 


18 


2-89 


4-37 


27 


20 


2-67 


4-17 


28-8 


22 


2 48 


8-98 


30-6 


24 


2-39 


3-89 


81-9 



Table VIII. — Showing the length of a catenary curve of constant span equal one 
hundred, with various deflections at the centre, and giving strains at highest point 
in terms of the unit length of chain. 









Strain at highest 


Proportion of ver- 
sine to span. 


Length of versine 
or dip. 


Length of curve. 


point in terms of 
the unit length of 
chain. 





0-00 


1000 


Infinite. 


t'i 


8-33 


102-1 


160-9 


^ 


9 09 


102-6 


149-3 




10 00 


103-0 


137-6 


L 


11-11 


103-4 


126-8 


1 


1260 


104-3 


115-2 


i 


14-29 


106-4 


104-3 


I'y 


16-38 


106-4 


99-7 


Y 


16-67 


107-3 


945 


X 


18-18 


108-9 


90-6 


i 


20-00 


110-4 


80-2 


??i 


22-22 


112-4 


82'1 


4 ^ 


25-00 


116-4 


79-1 




33-33 


125-4 


75 6 


1 


60-00 


177-3 


103-6 
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of the Atlantic. The strain on the grapnel rope will be the weight of 
the cable lifted, or about 11*4 miles; the strain on the cable itself at 
the point of suspension will be much less, being only about three and 
a half times the weight of the cable hanging vertically, or say eight 
miles of cable. (Observe that the strain on the cable and the weight of 
the cable are not synonymous. When the two ends hang plumb, the 
strain on the cable at the top is half the weight of the cable carried. 
When there is little slack, the strain is much greater than the weight 
carried.) If the depth were only two thousand fathoms, the strain on 
the cable when brought to the surface would only be equal to the weight 
of about seven miles of cable. Moreover, the actual cable is not held 
at any point except by its own weight, and there will be a pull at the 
bottom tending to haul in slack towards the grapnel amounting to several 
tons. But even without counting upon slack obtained in this way, it is 
clear that if the cable will bear eleven miles of its own weight, it could, 
under favorable circumstances, be hauled to the surface by a single 
grapnel. 

Tables Y II. and VIII. give the proportions and strains on catenaries 
in various convenient practical forms. Thus, from Table YII. we see 
that if ten per cent, slack be laid, the maximum tension on the catenary 
lifted in, say one mile, will be the weight of 4**52 miles of cable. In two 
miles depth the strain would be the weight of 9*4 miles of cable. In 
in the latter case, 2 X 5*67 =11*34 miles of cable will be off the ground, 
and the grapnel rope must be strong enough to bear this. Table YIIL 
gives a similar information, supposing we do not start from a definite 
per centage of slack, but know the proportion of the dip made by a 
rope to the strain. 

(To be continued.) 



BLACK'S COMBINED ELLIPTIC AND CORRUGATED 

SPRINGS. 

To APPRECIATE fullj the merits of the combination above named, we 
must in the first place, understand the difficulties existing in springs 
of a different construction. 

In the spiral spring, the elastic force of a single coil expresses the 
elastic force of the whole combination, and thus a weight capable of 
closing one coil will close any number. These springs have thus too 
little range of action. Being properly loaded with dead weight, a slight 
jar will close them, and they will become entirely useless. 

To remedy this difficulty, spiral springs have been occasionally stuffed 
with wool, but this soon becomes packed and loses its elasticity. 

The ordinary form of compound plate spring avoids this to some ex- 
tent, by the arrangement of the plates, which, as the spring closeB^ 
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diatribates tho strain in such a manner, that the elastic force acting at 
greater advantage, offers an increasing resistance to the closing force. 
Thus, aa the strain increases, the various blades of each half are flat- 
tened down upon each other, and as they come in contact they become 
practically united, thus producing a thicker and stiffer spring. But 
even here the remedy is not perfect, the maximum power of the cen- 
tral blades being the limit of available resistance. 

In another form, a system of corrugated plates alone is used. In 
this case, hovever, there are two difficulties. The pressure is applied 
at single points in the varioas plates ; these do not vary during the 
compression, and therefore do not allow of that increase in resistance 
which would otherwise occur from a change in the number or position 
of the bearing point. In the second place, the spring thus produced, 
wants that delicacy nnder a light load which is given by a long spring, 
tach as that of elliptic form used in the following combination: 




In the case of the Combined Corrugated andEUiptic Spring, however, 
we sec, that as the compressing force is increased, it first brings the 
cormgated plate, which is immediately over the elliptic spring, in con- 
tact with it at new points, so distributing the strain and increasing the 
resistance, and that even if the elliptic spring should be closed entirely, 
the corrngations of the plates would stilt conti nue to act as short, and 
therefore very stiff, springs ; so that the range of action would, in this 
way, bo vastly increased. 

This combination may also be made to vary in delicacy or in strength 
to any degree, with great ease, by increasing the nttmber of sets of 
springs and corrugated plates, for greater delicacy, and by increasing the 
number of elements in each set for greater strength ; as by making each 
elliptic spring, and each corrugated plate, consist of several thicknesses. 
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LECTURES ON ELECTRICITY AND LIGHT. 



Bt Psof. Hfrey Mobtos, Ph.D. 



It 18 my purpose, in tbe present course of lectures, to associate, as 
far as their natural relations would suggest, tbe phenomena of Light 
and Electricity. There is so much ia common hetffeca these two, and 
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yet 80 much of difference in our ordinary conceptions of them, that 
an association, if natural and not too much constrained, may at least 
be of value as an aid to memory and a simplifying of ideas. For the 
sake of perspicuity and brevity, I propose to begin with the statement 
of such a theory as appears best suited to a popular treatment of the 
subject, and then will illustrate this by various explanations and ex- 
periments. 

Before stating the theories which I propose to use, I wish to make 
some explanations as regards their scope, character and reliability. 
A theory may, if it is absolutely true, act as a guide to discovery, and 
lead directly, by applications of its dicta, to the knowledge of new 
facts. Good examples of such results are furnished in the discovery 
of the planet Neptune, by LeVerrier, on the basis of Newton's theory 
of universal gravitation, and in the prediction of Poisson concerning 
the diffraction of light, founded on the Undulatory theory of Huyghens. 

Again, a theory, whether true or false, may be of great use as an 
aid to the memory, and to the mental conception of a complicated 
subject. It may serve, in fact, as a string, which will enable us to tie 
the facts together, and also to gather them easily into the hand. 

A theory may possess both of these characters at once, or only one 
of them. 

The first is the case with the now universal theory of light, the Un- 
dulatory or Dynamical theory. With regard to Electricity, however, 
we have not, as I think, any such fortunate hypothesis. The theory 
of Faraday, which can, perhaps, best lay claim to the first character 
of probable accuracy, is itself far too abstruse, involved and indefinite, 
to merit the latter distinction, and that of Du Fay, while admirable 
for its clearness and simplicity, does not impress us with a sense of 
its absolute reliability. 

Being therefore obliged to make a choice under these conditions, 
and remembering that my office is not to guide you into new fields of 
labor and discovery, but rather to lead you, by the most pleasant 
paths possible, over the ground already won by stronger hands than 
ours, I have determined to employ that theory which will ask of us 
the least, and yield to us the earliest fruit; knowing, that even if 
subsequently it is to be abandoned, it will nevertheless have given us 
good assistance in its time, and, like a last year's suit, will be entitled to 
an ^^ honorable discharge," even though out of fashion at this time. 
Though I make these limitations, I would not have yon suppose that the 
theory to be presently stated is crude, improbable and unsupported by 

Vol. LHI. 4 



50 EDUCATIONAL DEPARTMENT. 

the higbest authority. It finds among its advocates and expounders, 
such names as De la Rive, Du Moncel, Becquerel, Daguin and a host 
of others, and finds iUelf in discord \vith no fact jet observed. These 
preliminary matters being disposed of, I will now proceed to the state- 
ment of the Double-fluid theory of Electricity first suggested by Du Fay, 
which may be made very clear and easy of comprehension, we think, 
by aid of an illustration. 

The air, as you know, is not a simple substance, as the ancients be- 
lieved, but is a mixture of two very opposite gases ; one of them, Oxy- 
gen, being the most active of the elements, supporting and stimulating 
combustion, and concerned in almost every action of light and life; 
the other. Nitrogen, so opposite in all respects to this, that it has re- 
ceived among the French (and well deserves) the name of " Azote,'' 
or "lifeless." 

These two, mingled as in the air, exhibit neither of their peculiar 
properties in a very strong degree ; but, when separated, each shows 
its own in a marked manner. Again, though as a matter of fact 
these two gases do not readily combine, yet, for the sake of our illus- 
tration, we might easily suppose, that like many other dissimilar 
gases, they would unite with violence. If so, their union would, like 
that of other gases so combining, produce a violent motion of the sur- 
rounding air, such as we call a detonation, or sudden loud sound. 
This sound would finally be transmitted by the combined or mingled 
fluids, or by either separately. Sound, as you know, travels well in 
any gas. 

Now, according to our theory of electricity, there is a fluid, or gas, 
extremely light and rare, pervading all space and all matter, which 
like the air, is made up of two different fluids, very distinct in some 
of their properties, though alike in others. These, when mingled or 
combined, neutralize each other, but each separated, shows its own 
powers in a clear manner. The chief properties of these fluids which 
we need now notice, are their attraction for all that is unlike, and re- 
pulsion for all that is like, themselves. 

Thus, the particles of each fluid are mutually repellant, but attract 
those of the other fluid and matter generally. These fluids, again, 
travel freely through some bodies, such as metals, and are resisted in 
their passage over others, such as glass and shellac, and when they 
meet, combine, often with such violence as to cause those vibrations 
in the surrounding medium, which we recognize as light. 

Lastly, this surrounding medium may be composed itself, of the 
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combined or mingled fluids, and transmit the shock of their union, as 
water does that of an explosive mixture of Oxygen and Hydrogen, or 
as air would that of its constituent gases, did they unite with energy. 

Such being the ideas which we would propose, as affording a tangible 
basis on which we can build up some simple notions of electric force 
and its relations with light, we will proceed to the further discussion 
of the facts, in connection with the above general theory. 

Assuming the existence of two light mobile fluids, which only ex- 
hibit their distinctive or electrical properties, when separated in some 
way, we find that three kinds of separation may be effected, and will 
give rise to three kinds or classes of phenomena. 

In the first place, the fluids may be so separated that greater or less 
quantities of each may be accumulated and retained in different bodies. 
The phenomena which result from this condition, are known as those 
of Statical Electricity. 

In the second place, the fluids may be so affected as to be set in 
motion in opposite directions, through a closed circuit, thus giving 
rise to Galvanic phenomena. 

Lastly, such an action as the last may be established in the indi- 
vidual molecules of certain substances, and we then have Magnetic 
properties developed. 

These various actions we will study in their order. 

Statical Electricity. 

When two substances are rubbed together, their natural charge of 
electric fluids is so separated, that an excess of one kind will accumu- 
late in one body, and an excess of the other kind in the other substances. 

Thus, this piece of amber, being rubbed with this woollen cloth, the 
positive fluid collects in excess in the cloth, while the negative in the 
same degree accumulates in the amber. 

To prove this, I have recourse to an instrument, whose action is 
based upon the first property of the electric fluids already ex- 
pressed, namely, that particles of the same fluids repel each other. 

We have a glass flask, within which are suspended by a brass rod 
two strips of gold leaf. A plate of brass terminates the rod above. 

Having "excited" the amber by rubbing, as before stated, we 
place it upon the brass plate, when at once, the gold leaf strips di- 
verge, as is shown in the figure ; thus proving their mutual repul- 
sion and the presence of one electric fluid in excess. Then, removing 
the amber, and putting the woollen cloth in its place, we first find the 
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leaves collapse, because the fluid in them is neutralized by the oppo- 
site sort coming from the cloth, but then again expanding from an 
excess of the positive fluid, if the cloth is made to snpply a sofficient 
amount. 

In the apparatus as below figured, there is sometimes a difSculty, 
from the adherence of the gold leaves to the glass, when they diverge 
Fig. 1. enough to touch it. This may be 

avoided by coating the interior, at 
these points, with some conducting 
substance in connection vith the 
ground, as by silvering the lower 
part of the flask, and boringa small 
hole through the bottom, by which 
a strip of tinfoil may pass to the 
interior, or by catting out the 
whole bottom, and then pasting 
strips of tinfoil where the gold 
leaves would strike, or the appa- 
ratus may be made from a small 
bell jar, similarly provided. 

Another yet simpler piece of 
apparatus may he used for a like 
purpose. From some convenient 
support we suspend a straw, a fine 
glass tube or thread of shellac. 
At one end of this is a little hall of pith, and at the other a counter* 
weight of tea lead, tinfoil or the like. If the excited amber is brought 
near to the bull, this body will be attracted by the excess of electricity 
in the amber, but after contact will be repelled ; the amber and ball 
Fig. 2. 




t^■^ 



y 



then both having the same kind, but in this condition the hall will be 
powerfully attracted by the cloth with which the amber was rubbed, 
this coDtainiog, an excess of th« opposite fluid. < 

On the large scale, the pith-ball of the instrunent above described 
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m&y be replaced b; a disk of card, a, fastened to tbe glasa tube by sta- 
ples of paper, and varniBhed with shellac on its edge. Tbe glass rod 

is supported in a stirrnp of paper, D, and 

is prevented from slipping bj a patent 

clothes-pin, attached as in the figure at 

B. To effect repulsion after contact, ve 

must then have some large excited body, 

such as the plate of an "electropborus," 

to be described subsequently. 

^yhea a small instrument, such as that 

first described above, is inclosed in a glass 

case, through irbich passes a brass rod and 

bail, by means of which an excited body 

may convey its action to the suspended 

pith-ball within ; it forms a very delicate 

indicator of electricity, and is known as 

Coulomb's Electroscope, or, when the sup- 
porting filament is of wire, whose torsion 

may memure the repulsive force between 

the brass and the pith-balls, Coulomb's 

Electrometer. lu form is shown in Fig. 3. 
By means of these various instruments, 

it is easy to illustrate the fundamental 

facts of Statical Electricity. 

Ist. We prove, by rubbing together all sorts of substances, and then 
applying them to these various instruments, that opposite fluids are 
invariably developed at the same time, and that all bodies are capable 
of this action. But we must take tbe precaution of insulating good 
condnctors, such as metals, from the hand by glass handles, silk 
cloths and the like, or we shall lose into the ground the electricity 
developed, before it can be brought to tbe machine. If, in a dry, warm 
room, daring cold weather, the finger is placed on the plate of the 
Gold-leaf Electroscope, Fig. 1, and tbe foot b drawn over the carpet, 
the leaves will diverge, and, under favorable conditions, sparks may 
even be given off from the hands, seas to ignite the gas at a burner; 
thus showing how easily electricity is developed by friction. Success 
in this and most other electrical experiments, depends upon the dry- 
ness of the ail and of the apparatus used. Damp air and moist eur- 
facei, carry away electricity as fast as it is developed. Thus, in the 
'warm summer weather, when the air is full of moisture, all experi- 
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mcnts fail, not becanse no electricity is produced by our manipula- 
tions, but because* it is all lost before we can use it. 

The low temperature of the air in winter prevents it from holding 
so much vapor, and thus it is itself dry, and renders dry all apparatus 
exposed to its action. The common idea of a greater amount of elec- 
tricity in the air in winter than in summer is then, not a true one. 

The total amount of the fluids present in all bodies is invariable under 
all conditions ; the changes we observe are only in the relative quan- 
tities of the two kinds. A positively charged body has more positive 
fluid than one not charged, but then it has as much less negative, for 
when rubbed with another to produce that excitement, the other ac- 
quired negative electricity, while the first secured positive. Thus, let 

\ -\ h — I represent two bodies in their natural state, then after 

j H- 1 I friction they will be indicated thus, | + + + + | 

when each has as many particles in it as before, only | | 

these are now all positive in one, and all negative in the other. 

2d. We find, by the same means, that the capacity for accumulating 
one or other of the opposite electricities, is not absolute in different 
substances, but relative; so that various kinds of matter cannot be 
separated into classes, one capable of developing the positive and the 
other the negative fluid, but must be arranged in order or series, be- 
ginning with the most positive, ending with the most negative, (or vice 
versa.) 

Thus, any body in such a list or table, rubbed with one below it, 
will develop positive ; with one above it, negative electricity. 

Thus, in the following list, silk rubbed with sulphur acquires posi- 
tive electricity; with smooth glass, negative electricity. 

Table of some substances in their Electrical Relations. 



T Positive.— Fur, 


Paper, 


Smooth Glass, 


Silk, 


Woollen Cloth, 


Lac, 


Feathers, 


Rough Glass, 


Wood, 


Sulphur. 



Most Nkgative.— Gun Cotton, and like bodies.* 



* The cuts in this article, except Fig. 2, are entered according to Act of Con- 
gress, in the year 1801, by J. B. Lippincott & Co., in the Clerk's office of the 
District Court of the United States, in and for the Eastern District of Pennsylvania. 



MAQIC I.ANIBKN AS A MKANS OF DEMONSTRATION. 55 



wmm MAmQ hAwwmsM 



ConserTatism seems to have been the characteristic of ancient 
ecience and civilization, but modern progress, on the contrary, has for 
its most conspicuous feature, a generous and unlimited diflfusion of its 
treasures and acquisitions, among all. Especially is this manifest 
at the present time, when the deepest and most successful students of 
nature, find their greatest fame in the successful manner in which they 
have exhibited and made clear to the general public, the most moment- 
ous results of their labors. Witness Faraday's Lectures on the Phy- 
sical Forces, and on The Chemistry of a Candle — Tindall's various lec- 
tures — those of UofFman, Grace Calvert and many others too numer- 
ous to mention. 

Under these conditions any instrument which largely assists in ex- 
hibiting to many at once, what must otherwise be confined to the close 
inspection of a few, and thus renders possible, the visible demonstration 
of a fact which must otherwise be only stated, is at once so eminently 
useful to the man of science in his relations with the now scientific 
public, and so in tune with the temper of the time, as to merit much 
attention and some study. 

Such an instrument is the Magic Lantern in its improved form, now 
familiar to all; and it is with a view of putting on record some useful 
experiences which may avail others, and of inducing a more general em- 
ployment of this instrument for the ends it is so eminently fitted to 
serve, by which its very efficiency will be itself increased through im- 
provement and discovery, that the following pages have been prepared 
by one who has had many years of practical acquaintance, with the in- 
struments and manipulations which he describes. 

It is proposed to treat the subject in as thorough a manner as pos- 
sible consistent with a purely practical view, spending no time over 
historic details and preliminary discussions, but going at once and fully 
into the minutia of manipulation and construction. We propose to de- 
scribe the best means known to us, of preparing and storing the gases 
used for the light ; the structure and management of jets ; the arrange- 
ment of lanterns for difierent purposes, including the Gas-microscope 
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and Polariscope; the structure and management of various pieces of 
apparatus used with these; the means by which all optical laws may 
be demonstrated, and the operation of the electric and magnesium 
lights, and their scope of application. 

Preparation of Oxygen Gas. 

As yet no process has been devised, which meets the various require- 
ments of the present demand for oxygen under existing conditions, so 
well, as that in which chlorate of potash, and black oxide of manga- 
nese are heated in a close vessel. The only subject worth discussion is 
therefore the character of the vessel and the method of heating. In 
these connections, however, we think that we may say something which 
will be useful and new to many. 

The simplest process, as regards means and appliances, is that first 
suggested, as we believe, by Dr. Wilkinson, of New York, and frequently 
employed by him in the laboratory of Dr. Doremus. This consists in 
taking an iron tea-kettle, placing in it the mixture of chlorate and black 
oxide (KOCIO5 four parts, MnOg one part) luting on the cover with 
clay, or plaster of Paris, and securing this in position by a stick between 
it and the handle, connecting the spout with a large reservoir, tilting 
the kettle backwards on a large gas-stove or small furnace, and so driv- 
ing off the gas. With several pounds of material, the gas comes off in 
terrible haste, but with perfect safety, as, long before any dangerous 
pressure could be reached, the handle would give way and open a thor- 
oughly efficient safety-valve, namely, the lid of the kettle. 

next to tbls conies the usual Iron retort about which there is 
little to be said, except that it requires a good fire to heat it, and cannot 
be managed with a common gas-stove or Bunsen burner. With a large 
Argand burner and steam blast it, may however, be heated suffi- 
ciently. For this purpose we provide a closed copper cup, capable of 
holding about one pint, and fitted with a tubular at the side for fill- 
ing, and a fine jet at the middle of the top. Above and around this jet, 
is supported a large Argand gas-burner. A few ounces of water being 
introduced into the copper cup or boiler, the tubular is closed with a 
cork, and an alcohol lamp is placed below. When steam escapes freely, 
the gas is turned on and ignited, and a blast-lamp of great power is 
thus produced. The escape of oxygen from the iron retort being once 
fairly started, the heating apparatus may be removed, and the process 
will then finish itself. 
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Tbe copper flask, should next be noted. In this case, a '^ chemical 
lamp/' gas-stove or Bunsen burner will give sufficient heat, and for 
this reason, as well as on account of its lightness and portability, this 
form of oxygen generator is much used. 

We observe that many experimenters find a tendency to sudden and 
Tiolent action characterizing these flasks, and we have ourselves ex- 
perienced some trouble from this cause, but we think the difficulty may 
be avoided by the following means : 

Use a mixture, as above, of four parts chlorate to one of black oxide, 
and then heat promptly and rapidly until the gas comes over freely; 
then remove the heater, but replace it again if the action slacks, re- 
moving again, of course, when this becomes rapid. 

The violent action occurs, we think, when, from too gradual a heat- 
ing, the whole contents of the flask is raised nearly to the point of de- 
composition before any part is decomposed, then when the action be- 
gins at any point, the heat developed causes it to extend at once through- 
out the mass. 

By rapid heating, on the other hand, the lower layers are decomposed 
before any heat reaches those above, and the action is thus successive 
and moderate; not constantancous, and almost explosive. 

Tlie irrincling process as it is commonly called, is very efficient, 
and, where very large quantities are to be worked, is almost essential. 
In this case we have an ordinary iron retort, R, (Fig. 1,) through the 
lid of which pass two iron pipes, one, D, the delivery tube, the other, 

A, having at its upper end a stop-cock with a plug, not perforated, 
but having a hollow or cup in it, as shown on the large scale at P. 
This plug has a handle or winch, and above it is a large tin funnel, B. 

The retort being heated in a furnace, chlorate of potash is placed in 

B, and the handle, c, receiving one turn, as much of the salt as the 
cavity in p, holds, is allowed to fall into the retort. Another turn 
gives a fresh supply. A wash-bottle placed beyond D, enables the 
operator to see that the salt is being decomposed as it is introduced, 
and is not accumulating in the retort. This is the process used by 
Grant, of New York. He has a gas-holder of one thousand gallons 
capacity, which he charges in this way, and then pumps the gas into 
the iron reservoirs. A good modification of the above is that made 
and used by Mr. Debeust, assistant to Professor R. E. Rogers of the 
University of Pennsylvania, in this city. In this there is substi- 
tuted for the funnel, b, a cylindrical hopper, closed above by means 
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of a Bcrew-plng, and for the cock, c, a small wheel with wings or 
buckets. The whole quantity of chlorate to be treated, is placed 
in the hopper, which is then closed air-tight by 
the plug; then on turning the little wheel the 
salt is delivered piecemeal into the retort. The 
advantages are, that the wheel need not fit air* 
tight at first, and that no loss by leakage can 
occur, as with the other form, if the cock is 
worn. 

This concludes all we can say from our own 
knowledge about apparatus for making oxygen. 
We should however, here mention a few precau- 
tions worthy of attention. 

To make sure that the black ctide of manga- 
nese used is pure, and even, in fact, the substance named, and not sul- 
phide of antimony or the like ; mix a few grains with chlorate of potash 
and heat in a test tube. If a violent burning or explosion occurs, you 
have lost a test tube but perhaps saved your life, and will, of course, not 
use the dangerous material. If the gas comes off quietly, with a few 
minute sparks or glowing of the material towards the last, all is right. 
The proportion of oxide and chlorate given above, i. e., one part 
black oxide of manganese to four parts chlorate of potash, is a good 
one, but may be varied much either way without injury. The less 
oxide used the greater the chance of sudden action. 

One pound of chlorate will yield about thirty gallons of oxygen, or 
will fill a thirty by forty inch gas-bag, made of pillow-shape. If the 
gas-bag is thirty by forty inches and of bellows or wedge-shape, it will 
take about one and a quarter pounds of chlorate to fill it full. 

If the gas is to be run directly into gas-bags, it 
should be washed as thoroughly as may be, by means 
of wash-bottles, of which Fig. 2 shows a good form. 

The brass cap, A, is cemented to the neck of a 
quart bottle, b, and has in it a tubular or outlet tube, 
c, for the escape of the gas, and another opening 
above, in which is fitted, by grinding, the bent tube, 
DG, by which the gas enters. The lower end of Q, 
is pierced with a number of holes by which the gaa 
escapes in minute bubble and is thus better washed. 
O Q, ia easily withdrawn, when the water is to be emptied out or re- 
placed. 



Fig. 2. 
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Prooeedingi of the Stated Monthly Meeting, December 19th, 1866. 

The meeting was called to order with the President, Mr. William 
Sellers, in the chair. 

The minutes of the last meeting were read and approved. 
The Board of Managers presented their minutes, and reported, that 
at their Stated Meeting, held on the 12th inst., they elected forty-four 
new members of the Institute, and eighteen new names were proposed 
for election at the next meeting. 

Donations to the library were received from the Institution of Civil 
Engineers; the Institute of Actuaries; the Statistical Society; the 
Society of Arts, London, and the Literary and Philosophical Society, 
Manchester, England; the Royal Irish Academy, Dublin, Ireland; 
TEcole des Mines, Paris, and la Societ6 Industrielle de Mulhouse, 
France ; the K. K. Geologischen Reichsanstalt and the K. K. Geogra- 
phischen Gessellschaft, Vienna, Austria; the Board of Water Com- 
missioners of Jersey City, New Jersey ; and Prof. H. Morton, of 
Philadelphia. 

Mr. J. Vaughan Merrick announced the death of Mr. Thomas 

Fletcher, when the following preamble and resolution were adopted : 

Whereas, The death of Mr. Thomas Fletcher, who was prominent 

as one of the associates of the founder of the Institute, has occurred 

since the last meeting of this Board ; therefore be it 

Hesolvedj That official notice of the loss thus sustained by the In- 
stitute be made at the next meeting thereof, in order that suitable 
action may be taken. 

The various Standing Committees reported their minutes. 
The Special Committee on Experiments in Steam Expansion re- 
ported progress. 

There being no report from the Special Committee on General Tot- 
ten's letter, relative to the establishment of a Government Bureau of 
Mechanical Examinations and Experiment, this Committee was by 
motion, duly carried, directed to report at the next meeting, being 
subject to discharge according to Article X., Section 3, of the By-laws. 
The Special Committee appointed to collect statistics, concerning 
the history of the Institute, reported progress. 

The report of the Resident Secretary on novelties in science and 
the mechanic arts, was then read as follows: 
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Secretary's Report. 

The experlnifuls In warming and vrndlallns (lie Phila- 
delphia AlmshouHe, lately perfected, have met with the most signal 
success, as wc see from the report of Mr. J, M. Whithall, Chairman 
of the Committee having this matter id charge, (an extract from this 
report relating to the ahovc, will be found on page 14 of this Journal.) 
We there see, that the ventilation being secured by special flues open- 
ing from the lower part of the various rooms, and in each case inde- 
pendent, all offensive odor vaa avoided, the average health of the 
inmates decidedly improved, and in the case of the cholera and fever, 
a marked check was given to the spread of the disease, and a epeedy 
recovery effected in those attacked. 

The exact arrangement employed, is shown in the accompanying cuts. 

The first represents one side of a room, showing the opening for 
the introduction of hot air at A. The flue by which this comes up, 
is here abruptly shut oS', and the ventilating flues having openings at 




B and c, pass up through the sides of the mantle-piece, and uniting above, 
passoutthroughthcroof by the tipper portion of the regular flue or chim- 
ney. The second cut shows the plan which has been adopted in the 
corridors and stairways, 
where special flues have 
been constructed. On the 
occasion of a late visit 
paid by the Secretary, to 
the building above named, 
in company with Messrs. 
Geo. Ercty^and L. W. Leeds, the results observed were of the most 
Btirprising and satisfactory description. Kooms entirely closed and 
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occupied by many persons, being, by means of the arrangements 
above described, kept in a remarkably fresh and inoflfensive con- 
dition* 

The philosophy of this method and its relative efficiency is, we 
think, easily explained. The warm air driven into the rooms by the 
heating apparatus is, of course, pure; it equally, of course, rises on 
entering the apartment, and fills its upper portion. If it is there 
allowed to escape by a ventilator near the ceiling, it passes out again 
without having much effect upon the mass of air in the room, which 
remains stagnant, unchanged, and becomes, by the use of the inmates^ 
very impure. If, however, the only outlet is at the floor, it is the 
colder air which has been longest in the room which goes out, the 
fresh, warm air gradually taking its place, and thus a regular and 
complete displacement and circulation is effected, by which means, a 
warmer temperature is secured with an equal supply of hot air, and 
the various advantages already enumerated are obtained. 

Such a view as above, we think, fairly expresses the actions con- 
cerned, without any regard to the effects which are sometimes imagined 
to result, froQwthe great density of carbonic acid, which, owing to the 
very dilute condition in which that gas is expired from the lungs, and 
the rapidity with which it diffuses in the surrounding air, are incapa- 
ble of producing any practical influence in the present relation. The 
question, we believe, is not which part of the air is taken out, but how 
to change, in a regular and continuous manner, the entire mass of air. 
Similar results to those mentioned in the above-named report were 
observed in the case of the New York Poorhouse, on Blackwell's 
Island, where the cholera, after showing itself with great virulence at 
first, (some one hundred cases at a time,) was entirely cxterpated in 
five days by a judicious system of ventilation, combined with corres- 
ponding treatment, such as exercise in the open air and the like. 

Steam cultf Tatlon In Eng^land.— Mention was made in a pre- 
vious report, Vol. LIL, page 360, of the facts observed in this relation 
in one part of England, by Mr. Edward Brown, and we now find in En- 
gineeringj page 379, further statistics and numerous returns, from 
various places, all tending to demonstrate the practical success of these 
applications. Thus it appears that the average cost of cultivation *or 
plowing, exclusive of interest, repairs &c., is from 3«. io^s. 6i. per acre. 
The sources of expenditure above excepted, form however, a heavy item, 
and when a liberal allowance is made for them, as in the report by 
Mr. £• L« Betts, with regard to the use of steam on Preston Hall 
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Farm, Aylesford, the cost of cultivation reaches 10«. 3i., and of plow- 
ing 14«. 4(i. per acre. Even at this rate, however, the work appears 
to be economically performed. 

Improvemeiits by dredging^ In the rlTer Tyne have been in 
progress for many years, and are now in an advanced state. The 
actual amount of material removed, is about fourteen million of tons, 
at a cost of about 3Jd. to 4d. per ton, exclusive of machinery, of which 
enough has been provided to take out four million five hundred thous- 
and tons per year. The sum expended in this work will give some idea 
of its magnitude. This has already reached over $4,000,000, and it is 
estimated that nearly ?2,000,000 more will be required for its com- 
pletion. The whole river will then be excavated, so as to yield a 
depth of fifteen feet at spring low tides. 

The Southii^ark. and Tauxliall ii^ater-ivorks for London, 
are distinguished by some peculiarities which may be of interest, and 
of which we find an account in Engineering^ page 377. The water 
from the Thames at Hampton, is admitted into a subsiding reservoir 
having an average capacity of five million gallons, from which it is 
pumped by direct-action engines, thirteen miles to Battersea^ where it 
first accumulates in two subsiding reservoirs, from which it passes 
through filter-beds, and is then pumped into the distributing mains. 

The engines at Hampton, pump into a thirty-six inch main against 
a head of one hundred and thirty-five feet, in a stand-pipe, by which 
the flow through the thirteen miles is maintained. The filter beds at 
Battersca are five in number, and have an aggregate area of nine 
acres. The water enters each of these at the centre, and is collected 
from a system of branch-drains built of brick with open joints. The 
capacity of the filter is found to depend very directly upon the extent 
of these drains, their efi'ect being limited to a narrow lateral area, so 
that outward flanging-banks add to the cubic capacity but not to the 
filtering power of these basins. The beds of the filters are lined with 
concrete, one foot thick; on this is placed the filtering material as fol- 
lows : Twelve inches of boulders, six inches of coarse gravel, six inches 
of fine gravel, six inches of hoggin, and then three feet of Hardwhich 
sand. A head of water averaging four feet is kept upon these. The 
sand is from time to time, washed in an iron cylinder with a perforated 
false bottom, through which the water rises from below. During the 
month of July, the average daily supply of water thus treated was 
twelve million one hundred and eighty thousand gallons. Five pump- 
ing engines are used at Battersea to supply the high level service. 
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Tlie lake tunnel to supply Chicago with water, is now finished, 
the actual opening between the two galleries, one from the land, the 
other from the lake end, having been made in the presence of the 
Eoard of Public Works on the 17th of December. This work, from 
its entirely original and daring character, deserves a thorough record, 
and we hope before long to obtain full details; in the meantime we 
may note a few prominent facts. 

This structure was designed and executed by E. S. Chcsbrough, 
City Engineer of Chicago. It was begun on March 17th, 1864, and 
has been steadily advancing ever since. The formation through which 
it passes, is a stiff clay, containing boulders of porous calcareous stone 
charged with petroleum, and occasional pockets of sand. One of these 
caused the engineer above named, a very serious alarm. One morning 
some of the workmen came before daylight to his house with the news 
that the water of the lake had burst into the end of the gallery. He 
hurried to the spot, and descending the shaft, found, to his great relief, 
no water there. This, of course, showed some mistake on the part of 
the workmen, and on further examination, it appeared that they had 
struck a pocket of sand charged with water, which had caved in, and 
they had escaped for their lives, with such celerity, as not to recognize 
the true nature of the accident. 

In June, 1865, an immense crib, ninety feet in diameter, forty feet 
deep, intended for the outer end of the tunnel, was towed into its po- 
sition and lowered, by being filled in with stone in some of its compart- 
ments, until it rested on the bottom, two miles from the shore. A cylin- 
drical iron caisson was then forced down in its centre, where an open- 
ing had been left for the purpose, and when this had reached the 
required depth, a gallery was run towards that, which was approaching 
from the shore. 

The above rough outline is chiefly collected from notices in the daily 
papers, but we hope soon to publish a full account with accurate draw- 
ings, from head-quarters. 

A centrifugral pump of Appold^s pattern, was lately tried at 
the Minotaur graving dock and the steam basin at Portsmouth Dockyard. 
The indicator diagrams showed an amount of power expressed by three 
hundred and thirty-three horse-power, while the work actually done 
by the pump was equal to two hundred and twenty- four horse- power, 
in the same time. We thus find the efficiency of the pumps to be re- 
presented by sixty-seven per cent, of the total indicated force in the 
engines. 
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These pumps are coming largely into use, and seem to be both effi- 
cient and economical. 

nritro-i^lycerine lias been used for blastliiir« extensively, in 
the stone quarries of the Vosges, near Saverne, by MM. Schmidt and 
Dietsch. The explosive material is made on the spot, pouring concen- 
trated glycerine into a mixture of one part, by weight, of nitric acid with 
two parts sulphuric, which has been previously cooled and is kept cool 
during the operation. The whole material is then poured into cold water, 
and, after being rinsed and decanted, is ready for use. The little acid 
and water which the nitro-glycerine retains when thus prepared, would 
be fatal to its keeping qualities, but is of no account when it is to be used 
at once. The proper charge of nitro-glycerine being poured into the 
hole, a little tin case of powder is let down into it by a fuse, and the 
rest of the hole filled with sand. When the case of powder explodes, 
its concussion causes the nitro-glycerine to detonate. 

In the open quarry no ill effects are found to result from the fumes 
of this substance, which produce violent headache when inhaled; but 
in the headings of mines this would be likely to become a serious dif- 
ficulty. — (See Journal of the Society of Art%^ page 726.) 

Tlie Pbetogrrapli cutter of Tbeodore Bergrner, was next ex- 
hibited and described. The ordinary method of cutting out photograph 
prints, to an accurate size and shape, by means of a knife and template, 
is one of the most irksome manipulations connected with professional 
photography, and of various devices that have been contrived with the 
object of superseding this slow and imperfect method of cutting, that 

exhibited to-night by Messrs. Wil- 
son & Hood, is the most ingenious 
and practically useful one. It is 
the invention of Theodore Berg- 
ner, and has been for some time in 
jo|||^g[^^^^^^^ use with most of the leading pho- 
tographers in this city, who have 
practically tested its durability, 
and its accurate and expeditious 
manner of working. It has no knife- 
edged cutter, but the picture is cut 
out by a punch and die, producing 
a keen shearing cut ; and a main peculiarity in its construction, consists 
in the reversion of the ordinary method of applying the punch, which 
in this case, produces the cut by entering the die from below, thus exposing 
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to fall unobstracted view, the picture to be cut, so that it can be con- 
Yeniently and accurately adjusted, before the punch is moved upward 
to cut it out. The paper is inserted in a shallow space between the 
die and another similar plate below it, which lower plate is a correct 
guide for the punch, and also serves to strip from it the paper out of 
which the picture has been cut. The mechanism for actuating the 
punch, is not the same in the large instrument as in the smaller oneS| 
but very simple and e£Scient ia either case. In the large cutter the 
Btem carrying the punch extends downward through the stand, and is 
provided with a coarse screw-thread, 
fitting a corresponding female thread, in 
the hub of the hand-lever. The oscil- 
lating motion of the lever gives a suffi- 
cient vertical movement, and great power 
to the punch. In the small cutter, the 
stem of the punch has a notch cut in it, 
like the space between the teeth of a 
spur-wheel, and into this notch is fitted 
a tooth provided on the small transverse 
rock-shaft. The vibration of this rock- 
shaft, by means of a rod and treadle, 
actuates the punch in the required man- 
ner. This invention has been recently 
applied with success, for the cutting out 
of the large round revenue stamps, 
which brewers are required to attach to 
the barrels in which malt liquors are sold, 
one of the instruments exhibited, being of the kind used for this purpose. 
These various machines were exhibited, and their operations shown. 

Am apparatus to indicate tbe deptb of crater in a sliip's 
hold, by T. S. Speakman, Esq., was next exhibited. Its structure 
and action is as follows : A large copper pipe is firmly attached in a 
vertical position to the kelson, or flooring of the ship. Within this is 
placed a large cylindrical copper float, water being admitted to the 
inside of the cylinder from without, by numerous apertures, covered 
with fine wire gauze, by which means, any sudden change of level in 
the inside, such as might be produced by the rolling of the vessel, is 
avoided. From the float a thin metallic rod is carried up to the cap- 
tain's cabin or other convenient place, and there by a scale, at once 
indicates the level of water in the hold, at any moment. 

V0L.LIIL 6 
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An apparatvi Tor tlie preiervatloii of slilp'H timbers 

was also exhibited by the same gentlcmEtn as above. This result la 
reached, b; circulating fresh seu-water around the kelson, and thus, 
from time to time, rinsing out the bilge-water. 

Tlie LefflnRwell ga» regulator was next exhibited. This instru- 
ment consists of a circular iron vessel, divided across the middle by an 
elastic horizontal diaphragm, 
and havingin its lower part tvo 
passages, an inlet, a, and an 
outlet, i. The inlet is connected 
directly with the gas-meter, M, 
and the outlet with the service- 
pipes. The flow of the gas in 
inlet, a, is controlled by a coni- 
cal valve whose stem is sup- 
ported by the diaphragm, and 
which thus varies in position 
with the rise and fall of that part. Thus, when the pressure in the 
service-pipes increases by the sudden shutting off of burners, the dia- 
phragm rises and partially cloaes the valve, so as to cut off the supply; 
when, on the contrary, the pressure decreases, the diaphragm falls, so 
opening the valve and giving a freer passage to the gas. The advan- 
tages claimed in this form of instrument over others, are its cheapness 
of construction and ease of management, while it yields to none ia 
practical efficiency. 

Small norklDR modeli oriocomollTei and other steam engines, 
from S. W. Queen k Co., were then exhibited in action. Their pecn- 
liarity consists in great simplicity of structure, by reason of which, 
they could be made at so cheap a rate as to become toys, while, at 
the same time, their working was most efficient, (a little locomotive 
with its tender, ran across the laboratory table, twenty feet long, so 
rapidly as to need quick following to save it from a fall at the end.) 
spectrum analysU Of stars, bT Father Seccbl.—This author, 
in a paper read before the French Academy, divides the stars, aa re- 
gards their spectra, into three classes; I.White stars, showing a strong 
band in the green-blue, (Franenhoffer'a line f.) Another, a little in 
the violet a little short of Q. About one-half the stars are of this type. 
A few exceptions, however, occur thus, f Gaesiopeiae, and ^ Lyrae, 
though white stars like the rest, show bright lines in place of these 
dark ones, while all the stara of Orion, except {a) show very fine bandi 
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in the place of these heavy ones. These stars of Orion, are in fact, 
unique; none others in that portion of the heavens, are found like 
them. 2. Redish stars with bright bands in the red and orange. 
Examples of this class are found in a Orionis, a Tauri Antaris, ^ 
Pegasi, a Herculis &c. In the last of these, the spectrum looks like 
a row of colored columns illuminated from one side. 3. White stars, 
with many fine lines, corresponding to those found in the sun, which 
in fact belongs to this class, together with Arcturus, Gapella, 
Pollux &c. 

Tbe solar line B is due to carbonic acid, according to Angstrom, 
who found that it remained with undiminished intensity at Upsal, 
with a temperature of 16-0® F., when the aqueous lines generally 
were obliterated. 

Tbe relations bet^reen the ii^ave lengtlis of absorption bands 
in the spectra of elements, have been elaborately studied by Gustave 
Hinrichs, and made the subject of a voluminous paper in SiUiman's 
Journal^ (Nov. 1866, page 350.) Some of his most interesting con- 
elusions are the following: That the wave lengths corresponding to 
the bands in each elementary spectrum, differ, by a fixed number or 
some simple multiple of the same, or, in other words, that if we suppose 
lines to have been made at regular intervals, and then some of them 
obliterated, the actual condition now existing would be reproduced. 

That the dark lines are produced by a certain interference. 

That they are the result of, at most, three systems of interference. 

That the lines generally are closer, the greater the atomic weights 
of the elements. 

That the distance of the lines is also related to the atomic dimen- 
sions. 

Tbe cbaracter or electric dlNCbargre In rarlfled gaUj 
and the cause of stratification in the light so produced, has been 
made the subject of an interesting publication by Do la Rive. His 
conclusion is, that the stratification is due, like the sonorous wave, to 
a regularly recurring variation, in a series of vibratory impulses, by 
which lines or surfaces of various density are established in the rarified 
medium. The electric discharge meeting with more resistance in the 
denser parts, there develops more light. lie also shows that the dark 
spaces become less heated. For further particulars, see Chemical 
NetCBj page 190. 

An Ice macblne on Carre's plan is said to be in very success- 
fill operation at Schreveport, Louisiana, making eight thousand pounds 
per day, and yielding a large profit to those working it. 
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A process of iBTerse filtration, by M. Carey Lea, of this citj, 

is described in Silliman's Journal^ page 380, and promises to be very 

useful in certain cases. A piece of muslin, with or without filter paper 

inside, is secured over a glass funnel, and the latter is then inverted in 

the vessel of liquid to be filtered, an india rubber and a glass tube being 

attached to the stem of the funnel, so as to convert the whole into a 

syphon, which being filled with water, will draw the liquid through the 

muslin &c., thus filtering with considerable rapidity, if desired. 

Solpliate of barlom as a substitute for ir^lilte-lead 

is now largely used for the glazing on paper collars. Twenty tons 
(?) per day are said to be so used in New York. 

An Immeiise deposit of pure rock-salt has been found at 
Fahranagat, in Nevada, the mineral being in many cases of perfect 
transparency. 

The Engllsb practice In construction of blast Airnaces^ 
seems to be going in the direction of increased size and a higher tem- 
perature. Dimensions of twenty-five feet at the boshes and eighty 
feet in height, and temperatures of one thousand and fifty degrees 
and eleven hundred degrees, are employed, with marked economy and 
no drawback from the crushing of the charge and "gobbing'* of the 
furnace, (i. e., choking with dense mass of material impervious to the 
blast.) 

The Rosedale and Ferry-hill Company are even about to blow-in a 
pair of furnaces, twenty-seven feet in the boshes and one hundred and 
two feet high. The result of these changes has been to reduce the con- 
sumption of fuel to so little as twenty-one hundred weight for each ton 
of pigs, made from an argellaceousore containing thirty -one percent, 
of iron. For further particulars on this subject, see Engineering^ page 
400. 

Deferred business being then in order, it was moved, in accordance 
with a resolution carried at the previous meeting, that a committee be 
appointed by the President, to draw up a memorial to Congress rela- 
tive to the establishment of an uniform code of danger signals, through- 
out the United States. This motion was duly seconded and carried. 

New business being next considered, the following preamble and 
resolutions were ofi'ercd by Frederick Fraley, Esq., and adopted by 
the Institute : 

Whereas, Thomas Fletcher, one of the associates of the founder of 
the Franklin Institute in bringing it into organized and useful exist- 
ence, departed this life on the 14th day of November, A.D., 1866, 
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after a long and useful career ; therefore, for the perpetuation of the 
memory of such a man, it is 

Re%olvedy That we shall ever cherish in our grateful remembrance, 
his services as Treasurer and Vice-President, and the hearty zeal 
which, during his active membership, he manifested for every mea- 
sure that would promote the usefulness and prosperity of the Institute. 

Mesolvedj That while we sympathize with his family in their be- 
reavement, we feel assured, that as he had filled the characters of 
parent, friend and citizen, for a period rarely allotted to man, in a way 
honorable to himself, their grief will be solaced by the many memories 
of his work. 

Hesolvedj That the Secretary transmit a copy of these proceedings 
to the family of Mr. Fletcher. 

A letter from Prof. John F. Frazer, resigning his office as Vice- 
President of the Institute, was read by the Secretary, and, on motion 
of Frederick Fraley, Esq., it was 

Hesolvedj That the Institute receives with regret the resignation of 
Prof. Frazer, and that its members desire to express their sorrow that 
ill-health should withdraw him from those duties and services, for whose 
performance in past time they wish to tender their sincere thanks. 

Mesolvedj Th&x the Secretary be directed to communicate to Prof. 
Frazer the above resolution. 

On motion of Coleman Sellers, Esq., the meeting then went into 
nomination of officers and managers for the ensuing year. 

Mr. Wm. Sellers being re-nominated for President, announced that he 
desired to withdraw his name as a candidate for re-election. Although 
sensible of the honor conferred by the preference so far shown him by 
the members, he believed it for the best interests of the Society, that 
the re-election of its presiding officer should not become a mere mat- 
ter of form. Entertaining these views and having been already twice 
re-elected, he felt himself not only at liberty but impelled by a sense 
of daty to decline a re-nomination. In so doing, however, he did not 
wish to renounce active interest in the Institute. In withdrawing his 
own name as a candidate, he desired to place in nomination Mr. J. 
Vaughn Merrick. * 

The other nominations were then made as follows : 

For Vice-Presidents, George Erety, Coleman Sellers and Robert 
Briggs. 

For Resident Secretary, Prof. Henry Morton. 

For Treasurer, Frederick Fraley. 
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For the Board of Managers, George Erety, William J. Ilorstmann, 
Henry Cartwright, Samuel Hart, B. H. Moore. H. G. Morri8, Wil- 
liam B. Bement, E. Y. Townsend, William Sellers, Robert Briggs, 
Prof. Robert E. Rogers, James Moore, G. S. Rosengarten, J. Harri- 
son, William P. Wilstach, Edward Longstreth, R. A. Tighlman, 
Barton H. Jenks, Robert H. Long, Alexander Irvine. 

For Auditor, J. H. Cresson and Mordecai Haines. 

The President then appointed as Judges of Election, William A. 
Rolin, Henry Aimes, Clarence S. Bemeut, Mordecai W. Haines, C. 
Eugene Meyer, Hector Orr and John L. Perkins. 

The meeting was then, on motion, adjourned. 

Henry Morton, Secretary. 
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PuoTOGRAPnic Mosaics ; An Annual Record of Photographic Progress. 
Edited by M. C. Lea, M.D., and E. L. Wilson, Editor oi Philadel- 
phia Photographer. 

YfE have received from Messrs. Bennerman & Wilson the above work. 
Its neat binding and clear typography are prima facie evidences of its 
worth. A fuller examination of its contents will add to the conviction 
that it is a valuable contribution to the photographic art. It is, indeed, 
a photographer's vade mecum^ full of valuable receipts and practical 
suggestions for securing excellence and avoiding defects in photographic 
work, with wise lessons of economy and judicious advice to landscape 
and portrait experimenters. 

Photography is now becoming so widely popular and so very import- 
ant an art in many branches of science and industry, that any con- 
tributions which help to advance its certainty, economy and scope, are 
to be hailed with satisfaction. Messrs. Bennerman &; Wilson, by the 
publication of their Philadelphia Photographer^ have done a great and 
good work in this direction. Their monthly magazine is in advance of 
any other publication with which we are acquainted on either side of the 
water, and, so far as we know, is the only publication in the cause of 
Photography on this. 

We wish, as we anticipate, all success to the new work now before 
us. Photographic Mosaics. 
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A CoiiPAmBON of Km» of tht Melearnlogieal Phenomtna of Notkmbbr, 1888, with 
ihaae of NOVEMBER, 18t)5, and uf the tame month for sixTEEH ycart, at Phila- 
delphia, Fa. BofolnotortiOfwt libnvcinc-milidointiicDeluwHrollivcr. Latitudo 
89° 67J' N.; Longitude 75" 111' W. from Greeuwicb. By FBor. J. A. EiBK- 
:c, of the Central High bchool. 
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U-613 


0-63-1 


0-832 




date 


29lh 




Stli, '57. 
-056 




Lca.it— inches 


-OUU 


■094 




" date 


25th. 


2«th. 


25lh, '67. 




Means at 7 A. M 


■218 
-213 


-2U1 
-218 


-223 

-228 




" 2p. M 




" 9p. M 


■242 


-217 


-232 

■228 




■' forthc month.. 


■221 


■:;i2 




BeUtive Humidity— Greatest— p«r cent 
dale 


890 


96-1) 


lOO-O 




nth & 2Gtb 


21 St. 


Often. 




Lcnat— per cent. . . 


MO 


83-0 


25-0 




25th. 


ISth. 


7,'63&26,'BI> 




Uean>Bt7lu!" 


74-6 


T4-6 


77-0 




" 2p, M... 


51-0 


58-7 


68-5 




" 9p.1I... 


710 


70-2 


78-1 




"forthomomli 


05-6 


67 8 


GO-5 




Clouda — Number of dear duvs* 


10- 


12- 


8-6 




" cloudy ^avs 


20- 

56 -7 per ct 


18- 

57 7 per cl 


21-4 
G0-3porot 




Means of tky covered "at 7 a. m 






56-7 


66-0 


60-3 




■' " Op. M 


49-0 


393 


61-9 




" " for the month 


641 


W)-7 


67-5 




TUtn — Amount— inches , 


1-474 


3-598 


3-623 




No. of days on wbidi rain fell .. . 


7- 

8 84''i;'w-25l 


G- 
s51''40V-2a5 


10-3 

k72'>E3'w-257 




PreyaUlDg Winds-Times in lOOo 


. 



• Sky oog-third or laa cuvorcd at liui Uours ol obacTva.'OMiv. 
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METEOROLOGT OF PHILADELPHIA. 



A Comparison of some of the Meteorological Phenomena of the Autumn of 1866, 
tuith those of I860, and of the same season for sixteen years, at Philadelphia, Pa, 
Barometer 00 feet above mean tide in the Delaware River. Latitude 89° 67 J' 1^.; 
Longitude 75° llj' W. from Greenwich. By Prof. J. A. Kirkpatrick, of the 
Central High School. 
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Thermometer — Highest — degree 

*» date 

Warmest day — mean . ... 

" ** date 

Lowest — degree 

" date 

Coldest day — mean 

" ** date 

Mean daily oscillation... 

** ** range 

Means at 7 a. m 

2 P.M 

9 P.M 

for the Autumn. 

Barometer — Highest — inches 

" date 

Greatest mean daily pressure 
*• " '* date... 

Lowest — inches , 

** date 

Least mean daily pressure. 
" " *' date... 

Mean daily range 

Means at 7 a.m 

•• 2 P.M 

" 9 P.M 

* * for the Autumn 

Force of Vapor — Greatest — inches 

" date 

Least — inches 

*• date 

Means at 7 a. m 

2 P.M 

9 P.M 

for the Autumn 
Relative Humidity — Greatest — per cent 

" date 

Least — per cent.... 

" date 

Means at 7 a. m.... 
2 p.m.... 

a P. M • ... 

•* for the Autumn 

Clouds — Number of clear days* 

*• cloudy days. ..» 

Means of sky covered at 7 a. m. 
" *• 2 p. M. 

** " 9 p. M. 

** for the Autumn... 

Rain — Amount — inches 

No. of days on which rain fell 

Prevailing Winds— Times in lUOO. ... 
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Autumn, 
18G6. 



9100 
Sept. 8. 
82 UO 
Sept. 2. 
29-00 
Nov. 20. 

36-83 
Nov. 24. 
13-88 
6-47 
68-52 
63-44 
66-87 
67 94 
80-858 
Nov. 5. 
80-827 
Nov. 6. 
29-827 
Nov. 16. 

29-382 
Nov. 16. 

0-146 
29-896 
29-838 
29-877 
29-870 
0-864 
Sept. 2. 
•060 
Nov. 25. 
-358 
-866 
•891 
-871 
96-0 
Oct. 18. 
25-0 
Nov. 25. 
78-2 
65-5 
75-6 
69-7 
28- 
63- 

64-2 per ct 
64-5 
47-9 
65-5 
12-469 
26- 
n72° I'w -161 



Autumn, 
1865. 



89-00 
Sept. 4 & 6. 

82-50 
Sept. 12. 

26-00 
Nov. 11. 

33-00 
Nov. 11. 

11-62 
489 

64-90 

62-54 

67-57 

68 84 

30-405 
Nov. 10. 

80-387 
Nov. 11. 

29-155 

Oct. 15. 

29-266 

Oct. 19. 
0145 

29-876 

29-824 

29-865 

29-855 
0-874 
Sept. 14. 

•094 
Nov. 28. 
-866 
-873 
•882 
•874 

96-0 
Nov. 21. 

88-0 
Nov. 18. 

74-2 

58 

70 4 

67-6 

31- 

60- 

60-6 per ct 

55-8 

36-7 

51-0 

18-582 

22* 
N77^28'w-218 



Autumn, 
for 16 years. 



95-00 
Sept. 12, '51. 

85-20 
Sept. 6, *54. 

16-00 
Nov. 25, '60. 

23 30 
Nov. 25, '60. 

14-80 
5 26 

61 ^98 

62 62 
55-65 
56-75 
80-661 

Nov. 12, '61. 

80-520 
Nov. 12, '51. 

29-012 
Oct. 26, '67. 

29-069 

Oct. 26, '67. 

0149 

29-922 

29879 

29-906 

29-902 

0-991 

Sept. 6, '54. 

•055 
Nov. 26, '57. 
•839 
•856 
-859 
•361 
1000 
Often. 
23-0 
Oct. 21, '69. 



77 
57 
78 
69 
29 
61 



7 
1 
5 
4 
1 
9 



68-3 per ct 
56-2 
42-9 
525 
10-992 
27-8 
n77«62'w222 
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DITORIAL. 



THE U.S.S. ARMORED FRIGATE NEW IRONSIDES. 

This vessel, famons in naval history as our first successful soa-going 
iron-clad steamer, as well as for the service she performed in the great 
rebellion, was destroyed by fire, in the League Island channel, near 
this city, on the 16th of December last. 

We believe that, outside of official documents, no authentic record 
exists of her dimensions and peculiar features, nor of the history of 
her inception and construction. We have therefore obtained, and pro- 
pose to place before our readers, the prominent and most interesting 
facts relating to her. 

The subject of plating vessels of war had, notwithstanding the build- 
ing of certain French and English iron-clad vessels, received but little 
attention in this country prior to the middle of the year 1861. During 
the first months of the war, the Navy Department was too busily en- 
gaged in obtaining a respectable fleet of vessels of ofience, to think 
much of rendering them invulnerable to attack. Nor was it at that 
time generally realized, how soon the necessity would arise for vessels 
capable of resisting heavy shot, or how important such powers of re- 
sistance might prove to be. 

Vol. Lin. 6 
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To Admiral Joseph Smith, then (and still) at the head of the Bu- 
reau of Yards and Docks, in the Navy Department, we are, as a na- 
tion, most indebted for the first outlook in this direction. He had the 
sagacity to perceive and the ability to urge successfully upon the De- 
partment the importance of taking such action as would elicit the ideas 
of practical ship and machinery builders^ in regard to the best mode 
of combining within one hull, the power of flotation in shallow water^ 
with powers of offence, defence and locomotion by steam. 

On the 8th of August, 1861, a commission was appointed by the 
Honorable Secretary of the Navy, under authority of an act of Con- 
gress, approved August 3d, 1861, to investigate plans and specifica- 
tions, and to obtain proposals for, the construction of armored vessels ; 
to compare these plans, decide on their relative merits and recommend 
to the Secretary the award of contracts on preferred plans ; the aggre- 
gate value of which plans should not exceed $1,600,000. 

This Commission was, with great propriety, made to consist of Ad- 
mirals (then Commodores) Joseph Smith and Hiram Paulding, and 
Admiral (then Commander) C. H. Davis. 

In pursuance of their duties, the Commission received proposals for 
seventeen different plans of vessels. 

Of these plans only three were considered feasible as combining the 
proper qualifications; which had been defined in the following advertise- 
ment issued August 7th, 1861: 

" ntOir-CLAD STEAM VESteLS." 

" The Navy Department will receive offers from parties who are able 
to execute work of this kind, and who are engaged in it, of which they 
will furnish evidence with their offer, for the construction of one or more 
iron-clad steam vessels of war, either of iron or of wood and iron com- 
bined, for sea or river service, to be not less than ten nor over sixteen 
feet draught of water, to carry an armament of from eighty to one 
hundred and twenty tons weight, with provisions and stores for from 
one hundred and sixty-five to three hundred persons, according to ar- 
mament, for sixty days, with coal for eight days. The smaller draught 
of water compatible, with other requisites, will be preferred. The vessel 
to be rigged with two masts, with wire rope standing rigging, to navi- 
gate at sea. 

^^ A general description and drawings of the vessel, armor and ma- 
chinery, such as the work can be executed from, will be required. 

*^ The offer must state the cost and the time for completing the whole, 



THE U. 8. S. ARMORBD FRIGATE NEW IRONSIDES. 75 

ezclasive of armament and stores of all kinds, the rate of speed pro- 
posed, and must be accompanied by a guarantee for the proper execu- 
tion of the contract, if awarded. 

*^ Persons who intend to offer are requested to inform the Depart- 
ment of their intention before the 15th August, instant, and to have 
their proposition presented within twenty-five days from this date." 

In accordance with the award of the Commission, contracts were en- 
tered into with the three following parties, under guarantee to perform 
all that they agreed on, viz : 

1st. Bushnell & Co., New Haven, Connecticut; price 9285,250. 
Vessel of wood, and of rounded shape, to carry a broadside battery, 
and to be clad with iron bars of peculiar construction. Draught of 
water, ten feet; length, one hundred and eighty feet; breadth, thirty- 
two feet; depth, twelve and two- thirds feet.* 

2d. Merrick & Sons, of this city, well known as the builders of the 
machinery of many of the naval vessels then afloat; price, $780,000. 
Vessel of wood, with sides sloping inward above water-line, clad with 
four and a half inch armor in solid plates ; to carry a broadside battery. 
Draught of water, fourteen feet; displacement, three thousand three 
hundred tons. 

This vessel was the New IronsideSy a full description of which will 
be given below. 

3d. Captain John Ericsson, of New York ; price, 9275,000. Vessel 
of iron, having projecting guards below and above the water-line, deck 
very low, surmounted by revolving turret for two guns. Plate-lami- 
nated armor and turrets. Length, one hundred and seventy-two feet ; 
breadth on deck, forty-one feet; depth, eleven and a half feet; displace- 
ment, twelve hundred and fifty-five tons.f 

The designers of the New Ironsides adopted the thickness and gene- 
ral size of iron plates then used in foreign navies, and formed the sides 
of the vessel on an angle, as in the French ship La Oloire. But they 
were obliged in other respects, from the very light draught of water 
to which they were restricted, to strike out a new path ; for it should 
be borne in mind that in many important respects the light draught ves- 
sel labors under disadvantage as compared with that of deep draught. 

* ThiB vessel was the Oalena, Her armor was found too light for seryice, al- 
though as heavy as could be carried with her light displacement. 

f This was the original Monitor^ the tjpe of all of the armored vessels after- 
wards built. 
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Ist. Her lines must be more fall (other things being eqnal), and hence 
more difficult of propulsion and of manageability. 

2dl7. Her screw must be smaller, and therefore less eflfective as an 
instrument of propulsion. 

Sdlj. Her hull must be more strengthened owing to lack of depths 
and must, therefore, be heavier to possess the same power of resistance 
to the action of the sea, and, in the case of armored vessels, to the weight 
of the armor. ^ 

The dimensions adopted were as follows : 

BULL. 

Feet. Incbet. 

Length over all 249 6 

*• on load-line 242 2 

'* between perpendiculars 230 

Beam, moulded 55 9 

** over planking 56 7 

*< << plating (4} inches) 57 4 

«< « « at spar-deck 46 2 

Depth to plank-shear above base-line 26 7 

•« top of rail " " 29 8 

** upper port-sill *« «« 24 2 

Load-line above base-lino 14 6 

«« ♦* *« bottom of keel 15 

Timber frames at throats, moulded 1 6 

" *• turn of bilge «* 1 1 

*« «« vertical sides " 9 

«« " spar-deck " j^ 7 

Solid A*om stem to stern. 

Planking on floor 6 

** increasing to lower edge of plating to 9} 

«* recessed for lower tier *• ** 6} 

*' thence to plank-shear 6 

Ceiling from turn of bilge to spar-deck 8 

Water-ways very heavy, especially at lower deck close to load-line. 

• 

▲BMOB. 

Feet Inchee. 

Plating begins below load-line 4 

Width of the lower tier 2 4 

Thickness «* «• 8 

Above which it was 4J 

This plating extended completely round the vessel, from four feet 
below load-line to three feet above it, terminating forward in a ram 
four and a half feet deep and nine inches thick, which projected six 
fcot from the stem. Above the upper edge of this plating, which ter- 
minated the vertical sides amid-ships, the sides began to ^'batter'* in- 
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ward^ falling back five feet seven inches in a height of ten feet; the 
plating covered these sides for a length of one hundred and^seventy 
feet and was carried flush with top of plank-shear water-ways. The 
spar-deck beams were covered with one-inch iron plating and this with 
four inch plank ; all hatches were protected with gratings composed of 
bars six inches by one inch on edge, held one and a half inches apart 
by thimbles, and the whole held together by bolts through thimbles 
and bars. 

There were three decks, the lower or berth-deck being cut through 
for engines and boilers. 

The plating was secured by galvanized iron wood screws, having 
countersunk heads, slotted for a screw-driver wrench ; the inner sides 
of the plating were protected from corrosion by contact with the wood 
by caoutchouc paint, and a thick caulking of the same was paid into 
the ledge seam under the lower tier of plating, to protect it from the 
galvanic action which would have resulted from contact with the cop- 
per sheathing. 

The plating was grooved on edges, sides and ends, and square tongue- 
rods of iron, one by one and a half inches, laid in to break the joint. 

Heavy timber bulkheads between the berth and gun-deck, and be- 
tween the gun and spar-decks, extended across the vessel, both for- 
ward and aft, the distance between them being one hundred and sixty- 
three and a half feet, or somewhat less than the length of the out- 
side plating. These bulkheads above the gun-deck were covered with 
diagonally laid iron bars, two inches thick, in two thicknesses, one over- 
laying the other. Outside of these bulkheads, on the gun-deck aft, was 
the captain's quarters, and forward was the sick bay. 

In each bulkhead was a door of five-inch solid plate, sliding on rol- 
lers movable by rack and pinion. 

These bulkheads enclosed the gun-deck, and proved an efiectual bar- 
rier to raking fire. 

MACHINERY. 

The motive machinery consisted of four horizontal fire-tube boilers 
of seventeen feet front, and six furnaces each, giving a collective grate 
area of three hundred and fifty-six square feet, and of heating surface 
eight thousand seven hundred and seventy-six square feet. Goal was 
carried in hanging bunkers over the boilers as well as below the berth- 
deck. 

The engines were two horizontal direct-acting, of fifty-inch cylinders, 
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thirty inches stroke, having surface condenser, and driving a fonr-bladed 
screw thirteen feet diameter, twenty feet pitch. Small as it was for a 
ship of three thousand five hundred tons displacement, it was as large as 
could be got in, owing to the massive projecting counter, the lower edge 
of which was two feet under water, and which carried the weight of 
the stern plating. At a speed of sixty revolutions (which could readily 
be maintained) the ship could be driven at eight and a half knots (nauti- 
cal miles) per hour in still water. 

The coal carried was three hundred tons, which would last for nine 
days full steaming. 

BATTERY. 

The ship was originally designed to carry a battery of sixteen nine- 
inch Dahlgren guns, and a crew of one hundred and sixty-five men 
to work it. But after launching, it was found that there was such a 
superabundance of buoyancy provided in the hull, as to permit the bat- 
tery to be increased to fourteen eleven-inch Dahlgren guns and two 
two hundred-pounder Parrott rifle guns, with crew for the same of four 
hundred and fifty men, without making the load-draught greater than 
had been stipulated. 

This fortunate circumstance, resulting from an excessive caution on 
the part of the builders, proved to be of the first importance in the sub- 
sequent history of the ship, increasing very greatly her offensive pow- 
ers, although at the same time it prevented the attainment of the stipu- 
lated rate of speed, the calculation for which had been based on a re- 
duced displacement. 

The additional weight carried over that provided for in the contract 
was five hundred and fifty tons. 

The load-draught, with full coal and stores, was, in salt water, fifteen 
feet above bottom of keel. 

The weights carried were as follows: 

PoQiMla. 
"Weight of deck armor 850,000 

side armor and port-shutters 1,450,000 

Total weight of armor 1,800,000 



<( ti 



Weight of machinery 780,000 

water in boilers 150,000 



<( (i 



Total weight of machinery 880,000 

Weight of ordnance, carriages and ordnance stores 898,000 

" " provisions, clothing and small stores 288,000 

Total weight ordnance and stores 1,181,000 



• 
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Such is a concise description of the New Ironsides. She was con- 
tracted for October 15th, 1861, launched May 15th, 1862, and sent to 
sea complete August 2l8t, 1862, in ten months after date of contract. 
It is belieyed that there are few if any instances on record of a work 
of such magnitude — good work, too, not slighted in any respect — being 
done in so short a period. Especially is this despatch remarkable, 
when we consider the fact that the vessel was an experiment, involv- 
ing many novelties of construction ; that a tremendous pecuniary re- 
sponsibility rested upon her builders, who had designed the ship, 'and 
had guaranteed certain results; and that the eyes of the nation were 
turned towards her, anxiously awaiting her success. The conscious- 
ness of these circumstances, and a knowledge of the great service she 
might render in subduing the rebellion, would naturally render her 
builders more cautious in their advance. 

We learn from Messrs. Merrick & Sons, her designers and builders, 
(to whom we are indebted for most of the particulars herein stated,) 
that the credit of originating the New Ironsides is due to their late 
superintendent, B. H. Bartol, Esq., who also planned the armoring and 
supervised its fitting on board, and to whom the general supervision of 
the hull was confided. The wood-work of the hull was built under sub- 
contract with them by Messrs. William Cramp k Sons, of this city. 

The armor plating was hammered of the best Pennsylvania charcoal 
scrap iron, half of it by Bailey, Brown & Co., of Pittsburgh, Pa., and 
half by the Bristol Forge Co., Bristol, Pa. 

The New Ironsides proved herself an admirable sea-going vessel, 
and was, of all the iron-clad vessels in our navy, the especial favorite 
of officers and men, for her thorough ventilation, her safety in heavy 
weather and the formidable character of her battery. It is, we think, 
a subject of great regret to all, that by her destruction our navy has 
sufiered so severe a loss, and especially that the Navy Department has 
not developed to some extent the ideas presented in her construction 
by building other similar vessels, improved, as they doubtless would 
have been, by experience with her. Without entering into a discussion 
of the question of the relative merits of broadside and of turret battery, 
it is at least beyond dispute, that for rapid and continuous firing, such 
as would be required in the reduction of large forts, the broadside bat- 
tery presents advantages hitherto unattainable by the use of revolving 
turrets. 

Some difficulty was at first experienced in steering, owing to the 
immense mass of the hull and her very full water-lines, which required 
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qniok meeting with the helm to prevent the vessel taking a sheer. Un- 
til the pilot and the men employed in steering became accustomed to 
this peculiaritj, her speed was limited by it. A little experience, how- 
ever, enabled them to control perfectly the direction given, and her re- 
putation for manageability became established. 

Unfortunately, during the harbor attack upon Charleston, April 7th, 
1863, the steering of the ship was taken out of the hands of her own 
pilot; and the ship being in a swift tide- way and very shoal water (eigh- 
teen inches more than her draught), some difficulty was experienced in 
her steering. This having been improperly attributed to the vessel, 
injured her reputation until the facts became known. 

We conclude this account by giving a copy of the record of the 
firing done by the New IranBides in service at Charleston Harbor. Her 
armor bore evidence of the severity of the attacks to which it was sub- 
jected. Not only was it never perforated, but the deepest indentation 
was not over half its thickness. 

BXCOBD OF TIBINO, AC. 

April 6thy 1868. Crossed tho bar — Charleston Harbor. 

«* 7th, " Got underweigh 12} P. M. Came out at 5 P. M. Struck sev- 
eral times and lost a port-shutter. Fired eight shots. 
July 18th, « Commenced 12*15 P. M. Ceased 7-49. Struck ten times. Fired 

eight hundred and fiye rounds. 

« 20th, *< Commenced 2-8 P. M. Ceased 4*27. Struck thirteen times. 

Fired one hundred and sixty-eight rounds. 

'* 24th, « Opened 5-48. Ceased 9-55. Struck twelve times. Fired two 

hundred and twenty rounds. 

«< 29th, « Opened 12*20 P. M. Ceased 2*45. Struck two times. Fired 

two hundred and ten rounds. 

« 80th, <t Opened 11*82 A. M. Ceased 1*46. Struck three times. Fired 

three hundred and sixty -six rounds. 
Aug. 17th, « Opened 7 A. K. Ceased 1 P. M. Struck thirty times. Fired 

four hundred and twenty-eight rounds. 

*< 18th, '< Opened 8*16. Ceased 9*45. Not struck. Fired one hondred 

and eighteen rounds. 

'( 19th, « Opened 1*50. Ceased 2*25. Kot struck. Fired sixty -four rounds. 

« 20th, << Opened 11-20 A. M. with spar-deck rifle, firing twice. 1*20 

opened on Fort Wagner. Ceased 8*80 Fired one hundred 
and fifty-eight rounds. 

« 21st, « Opened 6 P. M. Ceased 7-80. Struck by 11-inch shot in port- 
bow. Fired one hundred and fourteen rounds. 

** 22d, " Opened 11*40. Ceased 1*45. Fired one hundred and eighty- 
two rounds. 

** 28d| ** Opened 8 A. M. Ceased 9. Struck five times. Fired eighty- 
eight rounds. 
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Sept. 2d, 1803. Opened 1-50 A. M. Ceased 4-80. Struck seven times. Fired 

fifty rounds. 

" 6th, ^ Opened 9-46 A. M. Ceased 6-35 P. M. Struck fifteen times. 

Fired five hundred and four rounds. 

«« 6th, <« Opened 5* 15 A. M. Ceased 6*80 P. M. Struck three times. 

Fired two hundred and thirty-eight rounds. 

" 7th, " Opened 6-46 P. M. Ceased 7- 16 P. M. Struck fifty times. 

Fired one hundred and fifty-two rounds. 
Oct 6th, " Torpedo exploded under starhoard side, 9 P.M., mortally wound- 
ing hy the concussion Acting Master Howard, who died 
Octoher 10th. But beyond driving a deck-beam on end to 
shattering a knee, doing no material damage to the ship. 

BECAPITTTLATION. 

Total time in action 68 hours 49 minntes. 

*' number of rounds 4361. 

" " times hit 260. 

From the date of her first going into commission, previous to her de- 
parture for Fortress Monroe, in August, 1862, and during the earlier 
part of the siege of Charleston, she was commanded by Com. Thomas 
Turner. He was relieved by Capt. S. C. Rowan, who remained in 
command until her return to Philadelphia, in June, 1864. August Ist, 
1864, she was placed in charge of Com. Radford, and left Philadel- 
phia September 25th, 1864, for Hampton Roads; in the vicinity of 
which, making occasional trips in the James River, she remained till 
December 18th, when she took her departure on the Fort Fisher ex- 
pedition. January 13th, 14th and 15th, 1865, she was engaged in the 
famous attack on that fortress. On the 20th instant she returned to 
Hampton Roads. On March 80th she arrived at the Navy Yard, 
Philadelphia, and went out of commission for the last time, April 6th, 
1865. 



PARIS EXPOSITION. 

As THE time approaches for the opening of the great International 
Exposition at Paris, some anxiety must be felt by Americans, proud 
of the resources of their country, as to the extent of its representation 
as a nation. That it will be fully represented is in no way possible. Its 
mineral wealth will be shown, and much that is interesting in oonnec- 
tion with the art of war, both in its instruments of destruction, and its 
appliances for saving life, as well as many interesting records of what 
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has been so wonderfully developed daring the late war in respect to the 
quartermaster department in a sanitary point of view. Any amount 
of models of crude invention will find their way there ; but to what 
extent the mechanical talent of the country will be sfiownby machines 
now celebrated in this country, and we may say peculiar to the coun- 
try, remains to be seen. Philadelphia has been noted for some years 
for the superior class of machinist-tools. We hear that a leading firm 
in this branch of manufacture will send many valuable representa- 
tives of their work. It may also be noted that an important French 
invention, viz: the Gifiard Injector, for supplying steam-boilers with 
water, has been, in this city, so improved by the American makers, as 
to go back to its place of origin almost a new instrument, simplified 
and rendered much more efficient. Some time during this year we 
will be able to present our readers with some interesting data in con- 
nection with the American improvements on this instrument. From 
some of the members of the Institute, who will be in Paris during the 
exhibition, we hope to receive many interesting facts, and should be 
glad to hear from those cognizant of such matters as much as possible 
about what is being done on this side of the water in the way of pre- 
paration. . • • 
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Railways In India. — From the report by the Government Di- 
rector of the India Railway Companies, just published, we learn that 
the increase of lines during the year 1866, is about three hundred and 
eighty-seven miles, making at present the total length of tracks in that 
country three thousand three hundred and thirty-two miles. During 
this year the iron girder-bridge over the Jumna has been finished, 
thus completing the line from Calcutta to Delhi, a distance of one 
thousand and twenty miles, which may thus be now traversed in thirty- 
seven hours. As would be expected, only two hundred and fifty miles 
have been laid with double track. 

A line is now under contract from Burdwau to Luckeserai at £8500 
per mile, exclusive of permanent way and rolling stock, which items 
will probably bring up the cost to £14,000 per mile, or £2,000,000 foi 
the whole one hundred and forty-five miles. The entire rolling stoc^ 
of the Indian railways is represented by seven hundred and thirt; 
three locomotives, sixteen hundred cars and sixteen thousand trucl 
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while four hundred and eighteen more engines are ordered, though 
their deliyery is to be distribated over many years. The total outlay 
for these roads is X60,860,000, which pays an average interest of three 
and a half per cent. 

Ralliray from Tera Cruz to Mexico. — An enterprise of unusual 
difficulty, and without a parallel in some points, is contemplated under 
the above title. The elevation to be reached at the summit is eight 
thousand four hundred feet, and this actual height must be climbed from 
the ocean-level in a distance of one hundred and fifty miles. The gradient 
is for great distances as much as one in twenty-five, and this with many 
and ahort curves. Comparin^the actual elevation reached with the 
highest already constructed, we find that this greatly surpasses, while 
in no other case is the whole hill climbed, as in this case, from the very 
foot or ocean-level. Thus, the highest in Great Britain — the Caledo- 
nian — reaches to but one-fifth of this elevation. The Baltimore and 
Ohio Kailroad mounts to two thousand six hundred and twenty-six 
feet ; the summit of the Semmering incline is two thousand eight 
hundred and eighty-seven feet, and the intended summit of the Mount 
Genis Railroad is five thousand eight hundred and fifteen feet. The 
engineer of this work is Mr. Samuel. 

Tlie bridge over tlie Niagara River at BuflHeilo, according 
to the designs of Mr. T. W. Kennard, will be constructed in spans of 
two hundred and fifty feet, supported on piers constructed with iron 
cylinders filled in with- ashlar masonry, and surrounded by cribs 
loaded with broken stone. The total weight of each pier will be five 
thousand three hundred and seventeen tons. The superstructure will 
consist of wrought iron trussed girders, and it will carry a railway and 

road, side by side. 
Tlie railway brldire across tlie Scliuylklll at Glrard Avenue, 

for the Connecting, or Belt, Railroad is now almost finished, and pre* 
sents a very imposing appearance. Its solid approaching arches, seem- 
ingly of about fifty feet span and eighty feet height, and its iron cen- 
tre spans towering far above the adjacent Girard Avenue road-bridge, 
itself a lofty structure, are quite impressive. We lately noticed un- 
usual activity in the operations upon the iron part of this bridge, which 
was explained by a glance below. The ice had formed solidly serosa 
the river, embracing, of course, the trestle-work on which the unfin- 
ished structure rested, and had this moved, as there is always risk of 
its doing in our uncertain climate, trestle-work and spans must have 
gone with it. All is, however, by this time safe. 
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MasslTe embankments are to be constructed on the Loire, the 
Cher and the Garonne, to protect the surrounding districts from those 
violent floods which have so often desolated them. The city of Tours 
is to be protected in some places by masses of masonry one hundred 
yards in breadth, as we learn from the London Mechanics' M<igazinej 
page 280. 

PetroleumTfyiel. — ^We read very favorable accounts of the im- 
provement lately made by Mr. 0. J. Richardson in connection with 
this subject, which seems chiefly to consist in the introduction of steam 
among the ignited fluids, by means of which it is stated the heaviei 
oils may be burned, and these, burning caused to yield a much largei 
equivalent of heat than can be obtained from the more volatile products. 
The convenience of a liquid fuel, in many respects, is very manifest^ 
and if it can be brought within the requisite economic limits, its appli- 
cations would be numerous and important. 

A tunnel under tlie EngrUsli cbannel. — We learn that snrveyi 
with reference to such a structure, have been actually undertaken undei 
the management of Messrs. Brunei and Hawkshaw. 

A^tunnel tlirougrli tlie Sierra Nevada. — ^A company has beet 
formed in California for the purpose of carrying the water of Lak€ 
Tahoe to San Francisco by means of a tunnel, which will traverse pari 
of this great range. 

Experiments i^ltli Ifritro-^lycerlne, (or, as it may be men 
briefly called, nitroleum,) made by M. Kopp, show that fifteen grammei 
(about four pounds) of this substance will detach about seventy cubi< 
metres (= two hundred and fifty cubic yards, or four hundred tons) o 
hard rock. 

Tlie raising of a sunken steamsblp, by the application of cen 
irifugal pumps, was lately accomplished with great success by Messrs 
Gaurlay Brothers, of Dundee. 

The vessel raised was the steamer London^ which sank in the rive 
Tay, in consequence of a collision with the screw-steamer j&arv#i 
Home. 

The leaks in the injured vessel having been repaired as far as prae 
ticable by divers, the last and successful trial with pumps was mad 
on the 24th of December. Five centrifugal pumps of Gwynne's pat 
tern were used. Two of the largest, having twelve-inch suction pipefl 
were placed on a steamer, (the Queen^) and arranged so as to be drivei 
independently from her screw-shaft. Another pump, with nine-incl 
suction-pipe, was placed in a lighteri and driven by a separate engine 
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Tvro other pumps were arranged on the deck of the London^ with a 
donkey-engine to work them^ which was supplied with steam from the 
boilers of the Queen, 

With these appliances the vessel's deck was dry in twenty minutes 
after starting the pumps, and she was soon after afloat and towed off. 

Tlie Tentilatlon or millstones. — A very important case has 
been lately decided in the English patent courts with regard to the 
above subject, the verdict being against the claimant or patentee, 
and securing to the public, right to use the process, which seems to bo 
of great value, enabling more than three times the quantity to bo 
ground, which could be otherwise worked in the same time. 

The process consists simply of an application of fans, to induce 
currents of air through the stones in company with the grain and 
flour, and of porous material to separate the flour from the escaping air. 

Hon-exploslTe grunpowder. — By this title is designated a pre- 
paration invented by Herr G. A. Neumeyer, of Leipzig, which will only 
explode when closely confined, but when exposed to the air simply 
hums. 

The process, as described in the English patent taken out in the 
name of Dr. August Klein, is the same as that for ordinary powder, 
except, that the "glazing" is omitted, (by which the tendency to absorb 
moisture is said to be decreased, ) and in the proportion of the ingre. 
dients, which, compared with that of English and American powder, is 
shown below : 

EngllBh and Amerfean. Nemncyer'a. 

Saltpetre 76-00 7600 

Sulphur 1007 Flowers of S.... 6-26 

Charcoal 16-00 18-76 

Experiments made in Germany and France with this powder, in the 
Prussian needle-gun and French infantry guns, show its projectile 
force to surpass somewhat that of ordinary powder; while its immu- 
nity firom explosion, when not inclosed, was conclusively shown in cer- 
tain experiments conducted on the cricket-ground of the Sydenham 
Crystal Palace, where, among other things, two kegs containing to- 
gether thirty-five pounds of this powder, were ignited in a small build- 
ing, and each keg having a hole five inches in diameter in the top, the 
powder burned away without any explosion. — (See JSngineervngy De- 
cember 21.) 
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IN CHEMISTRY AND PHYSICS. 

A nei¥ process Tor tlie economical manuDACtare of* snl- 
pblde of ammonlain on the large scale, is published by Peter 
Spence in a paper read before the Manchester Literary and Philoso- 
phical Society. It consists in mixing a salt of ammonia, say sulphate 
or chloride, with double its weight of soda waste or gas lime, blowing 
into the mixture a jet of steam, and condensing the escaping gas. 

The condensers must, however, be watched, as the sulphide of am- 
monium will at first come over so strong as to condense in a solid form. 
The physiological effect of this gas when present in quantity is carious. 
Thus, a sudden escape caused a man standing near to lose consciousness, 
and to become perfectly rigid in a few moments. Violent rubbing 
of the chest, and cold water on the head, redeveloped vitality, with yio- 
lent convulsions, lasting one and a half hours, but no ill-effects were 
experienced the next day. This poison is sudden and violent, but if 
not at once fatal, seems very transitory in its effect. 

Disinfectants and deodorizers. — The Lords of the Admiralty 
have ordered that the use of Burnett's disinfecting fluid (chloride of 
zinc) shall be discontinued in the Royal Navy, in consequence of seve- 
ral fatal cases of poisoning which have occurred from its accidental 
mixture with food. It has, moreover, been discovered that this fluid 
is not a disinfectant, but only a deodorizer. Carbolic acid is to be sub- 
stituted. — Chemical News. 

Artificial tannin may be prepared by treating lignite (wood fibre) 
with nitric acid, according to a process developed by Mr. Wm. Skey, 
and mentioned in the London Mechanics' Magazine^ page 294. The 
same gentleman finds that freshly burned charcoal will remove nitric 
acid from a dilute mixture containing both this and sulphuric acid. 

81lTer may be substituted Tor platinum in a Grove's battery, 
as appears from some experiments lately announced to the French 
Academy, provided one-quarter part of hydrochloric acid be added to 
the nitric. A film of insoluble chloride in this case protects the plate. 
The fumes of chlorine which must undoubtedly be added to those of 
nitrous acid, would, however, prove, we think, a serious objection to 
the use of this plan. 

Instantaneous pbotoffraplis by artificial llgbt, we see an- 
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Dounccd by some of oar contemporaries, and on looking the subject 
up we find that the idea, originates with a plan devised by a Mr. T. 
Skaife, and for which he has secured provisional protection. The 
apparatus and manipulation are fully described in the British Journal 
of jPhotoffraphy. We do not, however, perceive from the account given, 
how sofBcient power is obtained to render an instantaneous illumina- 
tion effective in producing a picture. Burned in the ordinary way, it 
takes many grains of magnesium, burning for some fifteen seconds, to 
produce the efiect, and we do not understand how a '^ few grains" 
burned in a flash, can accomplish as much. 

Spontaneous Igrnltlon of colored fires. — From some experi- 
ments made by Chas. Bullock, Esq., of this city, it appears that the use 
of flowers of sulphur in these mixtures is a fruitful cause of such action. 
By preparing a material without this ingredient, which may be very 
successfully accomplished in most cases, it will keep well for years. 

PliilcMoplilcal toys. — ^We have just received from Messrs. Queen 
k Co. s number of articles which may well come under the above title, 
and which have many points of interest in a scientific direction. They 
may be described as follows: 

Japanese matcbes. — These are little allumettes of soft paper, 
having about the thickness of straws, and being about three inches 
loTkf^. They are to be ignited at one end, and burning for a few mo- 
ments, accumulate a little ball of melted matter from which are emitted 
a series of the most beautiful flower-like sparks. The preparation of 
these articles is fully described in the London Chemical New%j De- 
cember 24th, 1864, and January 27th, 1865, and consists in grinding 
together two parts of sulphur, 1*5 parts of lamp-black and four parts 
of nitre, care being required to give the exact amount of comminution 
necessary. 

Cblnese strains. — These have the exact appearance of such frag- 
ments as break ofi" from a whisp-broom, but when thrown on a vessel 
of warm or even cold water, expand into sprays of flowers, birds, fig- 
ures and other objects. 

Mr. Coleman Sellers some months since examined these curious 
things, and with his usual sagacity soon discovered the method of their 
manufacture, and produced a number of them himself. A block or bar 
of pith is taken and carved into a profile likeness of the object to be 
represented, so that a cross-section made anywhere in its length will 
show the same figure. (The sticks of candy containing names will 
illustrate what we mean.) The surface is then colored and the whole 
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block is compressed from the sides, in a vice, until reduced to a thin 
plate. This is then cut with a knife into thin slices or straws. Each 
of these when expanded by imbibing water shows the original profile 

or cross-section of the block. 

There are many more of these toys among the collection above men- 
tioned, but our limits oblige us to defer further description to our next 
number. 

Crystallized cards. — From Mr. James T. Shinn we have received 
specimens of cards, covered with a beautiful silky crystallization, which 
is under the enamel and does not prevent successful writing or print* 
ing on the surface. 

The plan was first suggested by a French article of the same kind 
made with acetate of lead, which was very objectionable on account of 
its smell and poisonous properties. The salts here used are, however, 
inodorous and innoxueus, and the effect produced is very beautiful. 
The principle on which these preparations are based have been very 
fully discussed in a series of papers on the crystallogenic foreei pub- 
lished in the Compter Rendtis for 1864, by M. F. Kuhlmann. The 
experiments leading to this improvement were conducted by Mr. Robert 
Fairthorne, in conjunction with Mr. Shinn, and the cards are now 
manufactured by Mr. Collins. 

Paper i^blcii turns pale Ink at once black, called by its in- 
ventor, Mr. J. E. Hover, carbonized paper, has been submitted to our ex- 
amination and experiment. The action claimed is undoubtedly effected| 
and this without any detriment to the character or durability of the 
paper, since the means employed is the introduction into the glazing of 
a neutral carbonate, which, while effecting a prompt oxidation of the 
ink, has none but a beneficial action on the fibre of the paper 
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The change of management and other alterations in this Joum€U 
have caused some delay in the issue of the January number, and in Che 
pressure required to make up lost ground in the present iBSue, many 
articles of interest have been crowded out. It is thus that some con* 
tinuations, such as that of Mr. Coleman Sellers' paper on Journal Bear- 
ings, the entire Educational Department &c.,have been omitted through 
delay of engravings and the like. These things are not, however, loet| 
and will be brought out with the more completeness for the delay* 
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THE STEAM BOILER. 

By Joseph Habbisok, Jr., Philadelphia. 

Of sU the elements that have been pressed into man's service, to 
increase his comforts and conveniences, water turned into steam holds 
a most iitfportant place. And strange as it may appear to the unin- 
formed, it might almost be said, that the steam-engine as matured by 
James Watt, came from his hands nearly perfect in principle, and, 
like Minerva from the brain of Jupiter, fully armed and ready to do 
battle in the varied fields in which it has since been employed. James 
Watt knew all, and acted with a knowledge of all, or nearly all, the 
principles that are now known. The main improvements in the steam* 
engine of our time, consist in a better and simpler arrangement and 
proportions of parts, better material, better workmanship, and vastly 
increased sise. Many of its better qualities are the result of improved 
means of manufacture in the use of the steam-hammer, — the planing 
machine, slotting machine, etc., etc., which with equally improved 
quality of material, has enabled the steam-engine builder to do such 
work, as could not have been done under a less improved system, and 
for which Watt might have sighed in vain. 

Not so the steam-boiler. It, from the very first application of steam 
as a useful agent, has been the constant trouble of the engine-builder, 
and the engine user, the great source of anxiety, danger and expense. 
The first patent regularly issued in England for a steam-boiler, dates 
about a century back, and from that time to this, patents for new de- 
signs or improvements, numbering thousands, have been issued in Eng- 
land,— on the continent of Europe, and in this country. Notwithstand- 
ing the vast amount of labor and thought that has been bestowed upon 
the subject, the whole engineering profession still is in doubt as to 
which 18 the best steam-boiler, no single one, at this moment, proving 
BO much better than the legion that surrounds it, as to take any very 
prominent place in the general estimation, and not one combining the 
most iiAportant principle of security against destructive explosion. We 
might, perhaps, except the locomotive boiler; but even this occupies 

Yoh. MIL 7 
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its apparently permanent place, more because it adapts itself to the 
machine in form, than from any inherent value possessed by it as a 
safe or economical steam generator. Stone, wood, cast and wrought 
iron, copper, steel and various alloys of other metals, have been tor- 
tured, bent and twisted, from the beginning, into almost every conceiv- 
able form to make a steam-boiler. Still the work of change goes on, 
patent upon patent being continually issued for attempted improve- 
ments in this much needed object. In the various phases in material 
and form through which the steam-boiler has passed, it is remarkable 
that changes have tended more towards saving weight, cost or fuel, 
than in the more important object of making it safe from explosion. 
It can hardly be controverted that the paramount aim in the use of 
steam should be safety, and yet, with all that has been done, no single 
boiler now in general use, approaches this essential requisite in its con- 
struction, compared with what is demanded of it. Hence the frightful 
loss of life — the dreadful maiming and suffering that we find recorded 
almost daily in our newspapers, and the immense amount of valuable 
property annually destroyed by steam-boiler explosions. It may be 
said that there is no remedy for this state of things^ — that all has been 
done and is being done, that skill and ingenuity can devise, to stop 
such fearful results, but as yet without success. If we have arrived 
at the end, and found no remedy, then must we accept the situation, 
trusting rather to Providence, care or chance, to protect us from harm, 
than to any inherent controlling principle in the thing used, voting 
steam a good servant but a very bad master. 

Before concluding this paper, I will endeavor to show that all has not 
been done in the general use of steam to render it as safe an agent as 
its wide-spread utility and necessity demand. Nay, more, it will be 
shown from many years of practical experience in the use of a steam- 
boiler of singularly original design, and of material not heretofore con- 
sidered best for the purpose, that the employment of steam at any prac- 
ticably useful pressure, can be made entirely safe from any explosion 
destructive to life or property. 

Some give to Dr. Alban, of Plan, in Mecklenburg, the credit of first 
enunciating the grand idea that ^^all bailers sJiotUd be so eonstrueted 
that their explosions may not be dangerous ;'* but it is scarcely possible 
that Evans, Hancock, Qurney and others at a much earlier date, should 
not have as fully appreciated this most important principle. llViien the 
low pressure of the earlier era of the steam-engine was used, the form 
or material of the steam-boiler mattered little, and we find Savery 
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using cast iron, Newcomen wrought iron, but from the difficulty of get- 
ting good plates of the latter material, Watt even recommended that 
boilers shoald be made of woodj hooped in the manner of the soap 
boilers' kettle, with cast iron curb or furnace at the bottom. But when 
the first really high pressure engine was introduced by our own country- 
man, Oliver Evans, carrying steam as high as one hundred pounds to 
the square inehj and upwards, it then became necessary to look for 
material and form capable of sustaining such pressure. Oliver Evans 
used wrought iron plates in plain cylinders of any given length, and 
of small diameters, sometimes, with internal return flue, through which 
the heated products of combustion passed, after couifing the whole 
length of the lower half of the boiler. These two kinds of boiler are 
at this day more extensively used in the United States than any other, 
and may be found almost exclusively on our Western river steamers. 
Perhaps no other boiler now in such general use, has greater safety in 
its principle of construction, than this early introduction of Oliver 
Evans. It is true that the most disastrous explosions on record have 
occurred with cylinder boilers on our Western rivers, but these calami- 
ties have been the result of scanty proportions in the first place, in 
order to save cost and weight, or from depreciation after long use, 
rather than from any original defect in principle. If the grand idea 
iosisted upon by Dr. Alban be the true one, then have our engine- 
builders wandered far away from it since the days of Oliver Evans. 
Look at the immense structures built up of wrought iron, now so 
largely made and used on ocean and river steamers ! Is this principle 
of safety attained, or even aimed at, in these boilers ? Are they so made 
that "eayfo«wn« are not dangerous f*' Witness the disaster on board 
the North River steamer St. John^ in 1865. Here a boiler exploded, 
made on an approved and often used plan, which, according to the tes- 
timony of experts on the Coroner's jury, ^^ pulsated'' at every stroke 
of the engine. Has any one seriously considered what this ^"^ pulsating** 
means? If anything, it means a movement in certain parts of the boiler, 
which being kept up for a given, and almost calculable length of time, 
most inevitably destroy the structure of the material of which these 
parts are made, and which, like the wire^ bent backwards and forwards 
continuously, will eventually break. It is but too true, and not very 
assoring to the traveling public, that all of the best ocean steamers, as 
well as those on our rivers, lakes and sounds, have at this moment, 
boilers theoretically, if not actually, as unsafe as the one that blew up 
in the 8t. John. It is not too much to say, that all boilers of large di- 



92 CIVIL AND MECHANICAL ENGINEERING. 

mensioDS, "whether of square form, dependent upon stays or braces for 
their strength, or cylinders of large diameter, with or without internal 
flues, cannot be safe. Neither is it too much to say, that no boiler is 
safe, whatever its form or material, that can, under any circumstances, 
rend and scatter large masses of material, liberating at the same time 
large volumes of highly charged water and steam. 

Take a boiler, if you please, that depends entirely for its strength 
upon being properly stayed, and there are thousands of such in use, 
especially for marine purposes. In the nature of boiler work, it is not 
possible to make such a boiler safe. Let any one, with a full know- 
ledge of how it should be done, watch the making of such a boiler. 
The drawings are perfect, every strain calculated to a decimal, every 
proportion exact. If it were possible to execute the work just as laid 
down, all might be well: but if such a thing is possible, we never have 
seen boiler work made with such accuracy. In the matter of the stays, 
(a most important point,) every hole should be exactly smooth and true, 
and made to come in true line with the one it has to meet. Every bolt 
should be turned and fitted to its appropriate hole. But all who are 
acquainted with boiler work, know that it is not even attempted to do 
it in this manner. Ill>shaped stays, badly made and badly fitted, or 
strained into ill-shaped places, often out of reach of the eye and hand 
of the workmen, rough holes most frequently made in the smith's shop, 
with as roughly made bolts. If the holes are bored, so rudely do they 
adjust themselves to one another, that the ever ready drift, that bane 
of safe and good boiler work, brings the parts together under a ten- 
sion that puts to flight all decimal calculations, and but too frequently 
dismembers the parts themselves. Can such a boiler be safe? And 
again, take plate riveting. An English writer on the subject says: ^^It 
is a truism, ^that the strength of any structure is its weakest point; 
but who can say where the weakest point of a steam-boiler is, as ordi- 
narily made?'" ''Take a simple cylinder boiler, for instance, the 
sheets are run through the rolls and bent to the proper radius, and 
when the riveting gang get to work they close up the rivets with great 
rapidity, but when the holes come out of line with each other the drift 
pin is resorted to, and the sheets are literally stretched until the rivets 
can be inserted; when the drift pin is knocked out, the sheet goes back 
to its place, and there is already, without a pound of steam pressure, 
strain enough to cut the rivets ofi'." '' Repeat this performance through 
twenty or thirty feet, the length of an ordinary cylinder boiler, and who 
can say where the weakest point of the structure is ? Suppose suofa a 
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boiler made of silk or any flexible material, what shape would it be in?" 
"It would be full of puckers, folds, seams and gathers, and represent 
most accurately the various trials to which that most abused of all mod- 
ern engineering apparatus — the boiler — is exposed." "The case is 
aggravated, not benefited, when we construct a square boiler, for this 
shape seems, by general consent, to have been adopted for marine ser- 
vice." " When the angles or flanges of the sheets are not broken by the 
flange turners, they are cracked out by the drift pin of the riveting gang, 
and it ought to be made a capital offence to have such a tool (drift) on 
the premises of any boiler works." "New boilers burst under the most 
mysterious circumstances; old boilers are patched and then burst; and 
we are told that ^putting new cloth into old garments is the solution of 
the trouble.' " " On each occasion the Coroner examines a host of ^ex- 
perts/ who proceed to declare that the 'iron was burnt,' — *the water 
low,' — *the stays insufficient,' — *the water changed into explosive 
gases,* etc. ; but it never occurs to these worthies, that the actual 
strength of the boiler was, in many cases, unknown, and that it may 
have been at the bursting point for many days, weeks or months, until 
at length it gave way." "It is ridiculous to suppose that safety is se- 
cured by neat-looking rivet-heads or handsomely caulked seams." 
** Holes will come out of truth with the utmost care, especially in such 
hap-hasard work as punching is usually made." "Neither are the braces 
(stays) properly set, for some draw all one way, while others do not 
draw or hold at all, and are perfectly loose; thus a portion do all the 
work, and the rest are idle; they impart no strength, and are an ele- 
ment of weakness; for the engineer relies upon them when they are 
doing no good." " We are confident that a great deal of attention can 
profitably be given to the mere workmanship of steam-boilers ; they are 
not tanks for boiling water, but great magazines wherein tremendous 
power is stored, the safe custody of which is of paramount importance 
to all in the vicinity." 

Assuming that a boiler of large dimensions, whether cylinder or 
marine, can be made so that all the parts are joined together without 
i^*ain, this state of things can only exist at the uniform temperature 
throughout, under which the boiler has been made. Put fires at white 
beat, into or under such a boiler, heating the plates in the immediate 
ricinity of the fire, as must occur, in a much greater degree than at 
the external or more remote parts of the structure. Surely then the 
[MurtB that had previously lain quietly together, assume a new and con- 
itanUy changing condition, and who can tell what these changes are. 
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their frequency, or to what extent the strength of the boiler is im- 
paired thereby? 

Let us now turn our attention to another equally, or perhaps more, 
important point, than those we have been considering, — the wear and 
tear of plate-iron boilers, A writer in the London MechanM Magch 
zine says : ^^It is not too much to say, that nine out of ten explosions 
are directly the result of corrosion." ^^ Setting aside the value of hu- 
man life and limb, we find that the mere pecuniary interests involved 
in either the gradual or sudden destruction of a boiler are very con- 
siderable." ^^ Repairs arc, at all times, expensive, and the time lost 
in making them is often a serious source of pecuniary loss, worry and 
trouble." ^^ Hence the replacement of a plate, or the alteration in a 
defective flue, is often staved ofi" from day to day until irreparable 
mischief is done." ^'Reflecting upon these things, it seems strange 
that boilers are made, fired and worked with a negligence, which ap- 
parently regards iron plates as indestructible, and the results of an 
explosion trifling to a degree." "We cannot set such a system, — or 
rather such a want of system,— down wholly to stupidity or neglect." 
"We know that boilers in the best hands, and under the most careful 
management, often become worthless with a startling rapidity, which 
no amount of theoretical reasoning can account for, nor practical skill 
arrest or delay." "The utter uncertainty in which the engineer is 
doomed to live, as to what does or does not promote durability, leads 
naturally to recklessness, neither the result of want of thought or in- 
dolence." "Corrosion is too often regarded in the light of a fate — a 
destroyer, merciless and indiscriminate, before which as a fetuh, the 
manufacturer and ship-owner bow down and submit." 

Mr. Colburn, in a paper read before the British Association, in 1864, 
says: "As a boiler malady, corrosion corresponds in its comparative 
frequency and fatality to the great destroyer of human life, consump- 
tion. It is the one great disease." "A trickling of condensed steam 
down the outside of a boiler will inevitably produce corrosion, and to 
this, was directly traced a large number of the forty-seven boiler ex- 
plosions which occurred in the United Kingdom in 1868, and which 
caused the loss of seventy-six lives, with injuries more or less serious, 
to eighty persons." 

In the report of the Manchester and Midland Boiler Association, 
for 1868, we find the following: "Furrowing along a seam of rivets, 
or rather under the line of an overlap, is found to be the usual malady, 
bat the iron is eaten away almost everywhere ; not uniformly over the 
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yrhole surface, bat in numberless holes." ^^So far as furrowing is con- 
cerned, there can be no doubt that wrought iron is the wont material 
that can be employed for a steam-boiler." 

Thus much on the subject of corrosion. Says another article in the 
London Mechanics' Magazine : *^ Until a comparatirely recent date 
the belief obtained with most engineers, that a riveted joint, if the 
work were properly done, was superior to the plate itself." 

Mr. Wm. Fairbairn, in a series of carefully conducted experiments, 
upset this fallacy by profing that, ''the strength of the plate being 
taken as one hundred, that of a double riveted joint will be seventy, 
and a single riveted joint fifty-six;" and this with first rate workman- 
ship. ''Fifty-six per cent, of the whole strength of boiler plates, is 
eertainly not much to realiae with the best workmanship, but as many 
boilers are put together, this per centage must be regarded as too high." 
"There are difficulties involved in the nature of the process, which the 
best mechanic can only combat, — seldom or never overcome." "How- 
ever accurately two plates may correspond before being punched, that 
process inevitably distorts them, and occasions a bad fit when subse- 
quently put together.^' "The hammering and bending at the edges is 
invariably injurious to cold plates." "Again, the best workmen, with 
the best machinery, find it out of the question to make all the holes in 
a leng seam correspond." "The constant use of the drift is certain to 
follow, and when plates are of inferior quality or very thin, cracks are 
frequently established from one hole to the other." "The judicious 
use of the caulking chisel easily conceals the defect, which is none the 
less serious because it is invisible." "The best rivets too seldom com- 
pletely fill the holes they occupy." "They are never truly at right 
angles to the plates, and are often exposed to enormous strain in draw- 
ing plates together when they are badly fitted." "We have seen, from 
this cause, the heads fly ofi" half a score of *Be$t^ Be%ty rivets at once, 
in rolling a new boiler from one side of the shed to the other." 

Blistering of plates is another trouble in the use of plate iron. Says, 
^^Engineering Facts and Figures^ for 1863, page 21, "The fact of 
plates by good makers being liable to blister unawares, and which pre- 
vious examination fails to detect, shows the importance of not hazard- 
ing an expression upon their soundness. Thus the strength of no un- 
assisted plate, exposed to the action of the fire, should be relied on, 
and consequently it becomes most desirable that furnaces should be in 
every instance stayed either with flanged seams, or with hoops of angle 
iron, T-iron or other advantageous form." Thus, at every turn, the 
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boiler-maker, in using wrought iron, either in plates, rivets or stays, 
meets with difficulties which can only be partially, never perfectly, over- 
come. These difficulties occur most frequently at the very points in the 
structure where danger from defective work or material is most immi- 
nent, and where it is least easy to avoid it. 

The maintenance of a well made steam-engine is of slight import, 
nor does the engine proper give the user any great anxiety or trouble 
as a source of danger to life or property. So true is this, that engines 
are doing good service now in England, that were made by Watt and 
his contemporaries; the sun and planet-wheel even yet making their 
regular revolutions. Where are the boilers that started with these 
engines? Gone, gone, and many succeeding the first, gone also. 

The elements that destroy a steam-boiler commence their work from 
the moment of its completion, and from the hour it is first filled with 
water and fired; whether much used or not, the slow, steady, insiduous 
process goes on, and it is fortunate if its life reaches a decade, ere it 
is thrown out as worthless, scarce selling in this country for one cent 
per pound, even after its full original cost has been expended in almost 
continuous repairs from the beginning. From Engineering Facts and 
Figuree^ for 1865, we quote the following: ^'The saying of that dis- 
tinguished authority in matters mechanical, — Wm. Fairbairn, — ^ that 
danger in the use of high pressure does not consist in the intensity of 
the pressure to which the steam is to be raised, but in the character 
and construction of the vessel which contains the dangerous element,* 
may be set down as a truism, containing a great deal of suggestive 
truth, but which is often overlooked, if not entirely ignored." ^^Else 
how is the public sense of what ought to be, but unfortunately is not, 
every now and then shocked by a recurrence of those accidents which 
result in such extensive loss of life and property." ^*It is the saying 
of one who has said many good things in his day, that ^self-interest is 
always intelligent.'" ^^In the matter of the use of boilers notoriously 
defective in form, material and construction, self-interest is not always 
intelligent ; for however easily employers may take the loss of life from 
accidents in the use of steam-boilers, one would think that self-interest 
would prompt them to avoid, by all means in their power, the loss of 
property." 

What are the conclusions that are forced upon us by all that has 
been adduced 7 Plainly that wrought iron is entirely unfit for steam- 
boilers,— that it is unreliable and unsafe to use it for such purposes, 
and that neither in principle nor workmanship in the use of this ma- 
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terial, have we advanced one step, in a century, towards making the 
steam-boiler, as now generally used, safe from destructive explosion. 
On the contrary, just in proportion as we have increased the working 
pressure, so have we run into greater danger ; and at this moment boiler 
explosions are more frequent and more fatal in their consequences 
than ever. It is a sad condition of things that this much needed and 
much used force should be so little within our control. Must these 
mines of destruction, placed in our cities and towns, under our feet as 
we tread the side-walk, and all around us, threatening at every moment 
our very households with destruction, still hold their pent-up wrath by 
so frail a thread ? Is there no way to safely clip the hair, and thus let 
the sword now hanging over our heads, fall harmless at our feet, there 
to lie harmless forever? I think there is a way to do this. If this can 
be shown, then let no one say hereafter that steam-boiler explosions 
cannot be prevented. Says Mr. Wm. Fairbaim, whom we again quote: 
^Instead of working two hundred pounds pressure to the square inch, 
I think we shall reach five hundred pounds." In Engineering FacU 
and FigureBj for 1868, in treating of the great need of improvement 
in marine boilers, we find the following: ^^The answer is obvious, — no 
farther economy can be obtained in steam-power without the use of 
high presture and expansion.'' Ocean steamers, twenty-five years ago, 
used three or four pounds pressure to the square inch. Now the 
Conard steamers use twelve or fifteen. Our North River and Sound 
steamers, the pioneers in using much higher pressure condensing en- 
gines, carry thirty or forty, and even fifty pounds to the square inch. 
Common consent, if not necessity, demands higher pressure, and 
it behooves the engineering profession to look to it, that we do not 
continue the present imperfect and most dangerous system, if there is 
any way to avoid it. It is a sad story of disaster in the past. It is 
meet and necessary, that the long-time reproach should be removed. 
Enough, we think, has been said to convince the most prejudiced that 
a good, safe and durable steam-boiler cannot be made qf wrought iron. 
Assuming this to be proved, in what direction must we then look to 
find a better and more reliable material for the purpose,— one not 
possessing the many inherent and insuperable defects of wrought iron, 
one that can be readily made into such forms as will most conduce to 
the safety, durability and economy of a steam-boiler. 

Turn we now to cast iron,— oarly used, but heretofore and even now, 
generaUy supposed inferior material for steam-boilers. On the subject 
of cast iron, a writer in the London Mechanics' Magazine^ for May 2d, 
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1864, uses the following language : "There isaFremch proverb which 
says, that we always return to our first love, and it is by no means 
unlikely that this will be verified in boiler engineering. At one period 
it is beyond question that cast iron boilers were habitually used for 
very high pressures, and they were used because the material pos- 
sessed constructive advantages which were not then believed to reside 
in wrought iron, and if these advantages reside in it still, under a prin- 
ciple of construction modified to meet existing demands, there is no 
good reason why it should not be habitually employed. Cast iron is 
far better adapted to meet the ordeal of fire and water to which a 
boiler is exposed than the best wrought iron plates ever manufactured. 
As to strength, we all know, or ought to know, that that is a matter of 
proportion quite as much as a matter of material. There is nothing like 
practical illustration to bring such truths home to the mind. Let us 
suppose, then, the case of two boilers, one made of plates half an inch 
thick, and the other one quarter of an inch thick. If each^of these 
boilers is, say, six feet in diameter, the first one will possess, as nearly 
as may be, double the strength of the other. To render both of equal 
strength it is only necessary to reduce the diameter of the thinnest one 
to half the diameter of the thickest." "In the same way, it is certain 
that a cast iron tube, of a given diameter, may be made quite as strong 
as one of wrought iron of the same thickness, provided the diameters 
are proportioned the one to the other, in the ratio of their tensile 
strength. That the arguments adduced against the use of cast iron, 
are many and powerful, we do not pretend to deny; but that they are 
invariably applicable, or that it is, in other words, impossible to devise 
s boiler that shall elude these objections, is false." " We daily see cast 
iron used to carry enormous pressures with the utmost confidence. Its 
tensile strength may always be brought, in one sense, up to wrought 
iron by using enough of it. It has thus beaten wrought iron, in the 
form of guns, many times. There are two ways of increasing the 
strength of any vessel ; the one in increasing the thickness, the other 
in reducing the diameter of the globe or cylinder to be tested. It is 
obvious that cast iron can only be used in small tubes or chambers, 
inasmuch as larger vessels must necessarily be of such a thickness , 
that heat would pass through it very slowly indeed. But this fact in 
no way militates against the safety, economy or efficiency of a gene- 
rator. Perhaps the present system of employing wrought iron boilers 
of colossal dimensions in our every-day practice, has been productive 
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of morcr injury to life and property, than can be laid at the door of the . 
engineer on any other ground.*' 

In a leading article in the Engineer^ for 1864, it is said : " It has 
been so long the custom to consider cast iron as a brittle material, 
hardly to be trusted under pressure, that it requires some amount of 
reflection to perceive wherein it possesses manifest advantages over 
wrought iron. The resisting strength of a properly made cast iron 
boiler is calculable, and a good a priori case, could have been made 
out in its favor, long ago." What if the very brittl^ness of cast iron, 
when used in a steam-boiler, should prove an element of safety? 

In an article in the American Artisan^ for November 22d, 1865, in 
answer to an assertion made in that journal, referring to the Harrison 
boiler, that, ^^cast iron was not to be recommended for steam-boilers," 
because it ^^was liable to be strained from inequality of temperature," 
I have said, ^^Many years of experience in the use of this boiler has 
taught me that as a material for steam-boilers, cast iron is far prefer- 
able to wrought iron, and for a reason that can be very easily under- 
stood. Cast iron is not liable to be strained ^by inequality of tempera- 
ture;' it is liable to break from such cause, and will give out at once 
if badly proportioned or improperly used. Wrought iron in steam- 
boilers is liable to be strained by * inequality of temperature,' and not 
firaotoring at once, goes on straining until its structure is destroyed, 
and the parts thus strained inevitably give way, death and destruction 
too often following. Put cast iron in such form as will prevent harm 
in case of rupture, and it becomes the very be$t material for steam-boil- 
ers, and one of its best qualities is in giving out when badly treated, 
& warning not to treat it so again. Not so wrought iron ; its very te- 
nacity begetting a false security which might lead to disaster at any 
moment." It certainly appears strange at a first glance, that such a 
seeming bad quality as brittleness in any material, should make it 
more reliable than a more tenacious one, for purposes needing strength. 
It would appear more strange, if this should prove true, in a material 
for steam-boilers. 

(To be continued.) 
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(Continued from page 14.) 

THE NEW YORK "CENTRAL PARK." 

By William H. Grant, Superintending Engineer. 

CHAPTER I. 
ON ROADS, ROAD-MAEINO AND ROAD-MAEERS IN GENERAL. \ 

The neceisity^ from remote timely for road-making; Jmt little re%tfor 
the hand of man in the business. Long practice has not made the 
art perfect. Various plans tested in Park construction. Difference 
in cost not great between good and poor roads. A knowledge of road- 
making does not ^^corne by nature.** Inconsistencies of the public. 
Public views as to the constructive arts. Our early engineers. An 
unfortunate inheritance of the profession. The progress since made 
by the profession^ and what it has done. Prejtidice as to engineers* 
estimates and economy. A word to young engineers. Roman roads. 
English roads in the last century ^ and the improvements thatfoUowed. 
A new era. English road-makers. Origin of McAdam roads^ and 
of Telford roads. Indestructible roads^ as the Itoman^ the Russ and 
iron pavements^ not practicable. Foundation work should be perma^ 
nent. Trap-block pavement. Common roads in the country. 

The art of road-making is qaite a venerable one from its antiquity. 
It would scarcely be a figure of speech to say it was ^^as old as the 
hills'*; for, if we may believe the geologists, hills, mountains and val- 
leys have been formed within quite a recent period — are, in fact, still 
in process of formation. However this may be, the transformation 
of the surface of the earth, from its primeval condition to its present 
rugged character, doubtless lies at the bottom of the business, and has 
been the chief provocation to the introduction and practice of the '^ art 
and mystery" of road-making. It is quite certain that, from an early 
period down to the present day, whether from the ^'upheavals/' '^ de- 
pressions" and ^^denudations" of geologists, or other moving causes, 
there has been a constant necessity in the intercourse of mankind for 
making rough ways smooth, and crooked ways straight, and that there 
has been but little rest for the hand of man, through many successive 
generations, from road-making labors. It would be natural to suppose, 
that from long practice the art would have made such advances ere 
this as to have precluded the saying of much that is new or instruc- 
tive in regard to it. 

The multiplication of examples, experience, traditional knowledge, 
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atisea and theories has really been such as to make it appear a work 
supererogation to attempt to add anything more upon the subject. 
II, the subject has not been exhausted, and this arises from the 
t that varying necessities and circumstances are constantly occur- 
gt requiring new adaptations and new applications in the channels 
human intercommunication, and the art that applies to them must 
Tefore be progressive, and subject to improvement like most kin- 
id arts of human origin. 

A. reference to past experience, ancient as well as modern, is useful 
the road-maker of the present day, but it will not meet fully the 
[uirements that will be made upon him. The supposition may be 
kUsible, that whatever is odd and long-tried is the safest guide to 
low ; but something more than precedent and routine must be looked 
to meet the present and future demands of the art. Whoever seta 
rat the work and attempts to carry it out practically, on any con- 
erable scale, will be met by these considerations; he will find that, 
Ji all the light of the past, except that which is reflected from sound 
leral principles, he must rely very much upon his own resources, 
Ltivated judgment and skill, for success. 

Che conditions of the problem are too variable to be governed by 
ed and uniform rules. Expediency, feasibility, special adaptation, 
estions of cost and materials, influence of climate and various other 
Liters, will in turn, singly and in combination, arise to be passed 
on. The road-maker who is not prepared to deal with them judi- 
>uslj, without recourse to the rule and plummet of precedent, will 
ten be sorely perplexed. If he is inclined to rashness, he will pro- 
•bly escape from the dilemma, for the time, by committing a blunder. 
he takes the more prudent course he will retrace his steps from un- 
fe ground until he acquires the means of obtaining a safe footing. 
Modem treatises upon road-making contain much that is valuable 
id indispensable ; but, at the same time, they reveal a great con- 
ariety of opinions, practice and results, that has been found, after a 
)od deal of attention given to the subject, to adapt them rather to 
le closet of the student than to the field of the practitioner. 
The writer does not, of course, expect here to supply a desideratum 
L these matters. Allusion is made to the facts as they have been 
mni to exist, in order to direct attention to necessary principles and 
^sources ; and beyond this he has not the presumption to attempt to 
more than give a description of his own practice (which has occurred 
nder circumstances more than ordinarily favorable) to pass for what- 
rer it may be worth. 
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The scale upon which the Park roads have been constmctedy and 
their general object, have been favorable for testing, in a thorough 
manner, some of the principal modes of road-making in vogue, and 
for perfecting, beyond ordinary practice in this country, many of the 
details of the work. It was proper that these roads should be of a 
superior description in all respects, and that no efforts should be spared 
to adapt them, in the most complete manner, to the end designed. It 
was not only essential that this should be done as to mere external ap* 
pearances and accessories, but that they should be fitted for durability, 
safety and easy practical maintenance. These considerations, com- 
bined with the endeavor to pursue the soundest economy, and to avoid 
hasty and ill-considered expedients, have governed their plan and 
execution. No extravagant or lavish notions have been indulged in, 
nor have means been misapplied in experimenting. 

The expenditure incurred, though large, could not have been wisely 
less, so far as the actual service and permanency of the work is con- 
cerned. If it had been less, it would not have been conducive to eco- 
nomy in the end. 

Much of the cost of the roads was, of course, for the rough grading 
over expensive ground, peculiar to the locality, and a good deal was 
owing to the unusual widths as compared with other roads, but for the 
work pertaining to the service and wear on the superstructure, no 
more cost has been incurred, proportionably to the width, than is fre- 
quently expended on roads of an inferior character; for, although it 
has been found by experience that it is not as easy a matter to make 
a good road as is popularly supposed, yet it is believed that the differ- 
ence in cost between a good road and a poor one, made as the latter 
frequently are made, need be but very little; cases could even be cited 
in which it has become painfully evident that more money and hard 
work had been expended to accomplish Vk failure than would have been 
needed to ensure a perfect success. One reason for this has been found 
to be the desire on the part of the public to make cheap roads, or what 
are fallaciously supposed to be cheap roads, by the employment of 
cheap materials and cheap labor, and another is the prevalence of the 
idea that every man may be his own road-maker, and that all neces- 
sary knowledge of the art '^ comes in someway by nature." 

Incompetent and unfaithful agents are employed, and the result is 
too frequently found to be, that the road falls into the large class of 
very ^^ common " roads of the country, is a vexation and an annoyance, 
and, in the end, quite the reverse of a cheap one. 
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It is donbtless among the besetting sins of professional men to mag- 
nify their office, and attach undue importance to the knowledge and 
experience they have gained by long study and practice, and to pro- 
portionably underrate or distrust the abilities of others who have not 
in like manner qualified themselves for the duties they assume ; but 
if this is the case, it must be conceded that there is some extenuation 
for it, in the striking examples of ill-success by inexperienced persons 
that are so frequently brought to their attention. 

There is a singular inconsistency exhibited by many persons in the 
selection and employment of agents for various professional duties. 
A man, for instance, who needs the services of a physician, or a law- 
yer, seeks among those professions on whose science, skill and gene- 
ral reputation are well attested by previous success, or whose initiatory 
training has been such as to give a well-grounded assurance that he 
will ably discharge the duties of his office ; but when it comes to the 
selection of agents for the performance of many other duties that have 
required an equal degree of study and practice to become proficient 
in them, the same individual will be found to depart from the rule, to 
relax his judgment and take up with the services of those whom he 
knows, or easily might know, have been imperfectly or not at all fit* 
ted for the duties they undertake to perform. 

It is a matter of surprise that this want of discrimination is so often 
manifested by men of a high order of business qualifications, who, 
when they step aside from their routine occupations, in which they 
have been^uniformly successful, and undertake other enterprises, seem 
to act upon a maxim at variance with all their previous habits. 

Examples of this kind could be cited, but they have so frequently 
occurred that most observant persons will recall them in one form or 
another. Many remember them, as the writer has reason to know, to 
their cost, and have grown wiser by dearly-bought experience. 

It might be explained, perhaps, that in regard to the constructive 
arts, and especially those that belong to civil engineering, popular 
opinion does not as yet in this country, attach the same importance to 
preparatory studies and qualifications as in the case of the older pro- 
fessions. It is scarcely fifty years ago, dating about at the commence- 
ment of the Erie Canal, that civil engineering took the position of 
a distinct profession among us. We had, at that time, no native en- 
gineers who were educated as such, and as a preparatory step in un- 



101 CIVIL AND MECHANICAL BNGINBERIKG. 

dertaking the public canals^ one or more foreign engineers were em- 
ployed.* 

The profession grew up with the occasion, and under great disad- 
vantages, active and energetic men, whose theoretical and practical 
knowledge of the business was limited to the requirements for land- 
surveying, constituted the material first drawn upon. 

They produced certainly very creditable results, creditable to them- 
selves and of great and lasting advantage to the country, but perhaps 
not fortunately for their successors. If men could accomplish, extem- 
poraneously, and without previous training, what they did, what need 
of higher culture and a long course of study and practice ? Have not 
the public continued to reason upon such grounds until they have lost 
sight of subsequent progress and subsequent results, and in their ad- 
miration of the works of Geddes, Wright and others of that day, have 
forgotten the more perfect successes and surpassing achievements of 
Latrobe, McAlpine, Whistler and many others of a more recent period* 
There seems to be an obliviousness to the fact, that although the pro- 
fession entered the lists at a late day, and had many obstaclecr in the 
way, it has made rapid advances, and, with the speed of the ocean 
steamer, the locomotive and the electric telegraph, has long since over- 
taken the more favored professions, and is prepared to keep even pace 
with them towards the common goal. 

It would be difficult to point to any page of history that exhibits 
greater changes and improvements, in the same space of time, than 
have been wrought in this country, within the memory of the present 
generation, through the instrumentality of the engineering profession, 
rising in proficiency with the emergencies of the occasion, and elevat- 
ing its standard quite up to the height attained in the older European 
countries. 

But there is another phase in this matter of our early engineer and. 
engineering that is not to be overlooked. 

Notwithstanding the praiseworthy deeds of the pioneers of the pro-- 
fession, they were, alas ! mortal, and they committed some errors, and. 
although their virtues have been tenaciously remembered and acknow* 
lodged, they have not been sufficient to cover these errors up. Tho 
evil that was done by them has not been '^buried with their bones.'' 



* It is gratifying to be ablo to say that we have repaid this obligation in sending 
abroad many American engineers, in compliance with invitations flrom foreign 
governments, and they have done the profession much credit by their works and 
inventions. 



THE NEW TORK CENTRAL PARK. 105 

They were charged with being extravagant in the ezpenditare of the 
public money, and with forming insane and visionary plans, with being 
nntrae prophets in predicting certain financial results in connection 
with the fulfillment of their plans, — in short, of making delusive esti- 
mates, and besides being charged with what they possibly did do, were 
charged with many things that they did not do. And ^hese things 
have been looked upon by many honest-minded persons, since that 
time, as a sort of legacy that they have transmitted in perpetuity to 
their successors. 

It has thus become a strong conviction with many, that to under- 
take a piece of work requiring the employment of an engineer, is to 
embark in a career of extravagance and to incur an unknown outlay. 
An engineer's estimate is to them almost synonymous with an ascend- 
ing series of expenditures ending only with exhaustion, and his plans 
ire regarded as ingenious refinements upon the old-fashioned ways of 
doing things that are inconceivable or useless. The impression can- 
not be eradicated with such persons that an engineer cannot study or 
practice economy, whatever else he may do ; his work may turn out 
to be perfect and durable, or it may not, but in any event it cannot 
be a success as to cost, — in other words, cannot be cheap. 

This is a part of the unfortunate inheritance of the profession. It 
(nay be that modem practice, or rather, malpractice, also occasionally 
^ves rise to some doubts and distrust, as in other professions, — no 
Bore, no less ; but it is believed that the intelligent portion of the public 
tre becoming more discriminating than to adopt exceptions, either old 
KT new, in place of a well-established rule ; for if there is any rule or 
mais that is fundamental, and specially attaches to the profession of 
Jie engineer, it is that it is the art of attaining with certainty, the 
Ipreatest ends with the least expenditure of means. This applies not 
ynlj to the mechanical means and the judicious selection and use of 
oaaterials, but to manual labor in all its forms in construction, and to 
the immediate, as well as remote, moneyed economy of the work. 

The engineer knows this, feels it and practises it at every step; it 
10 a part of his education, and becomes a part of his nature; he never 
rashes upon a work without first carefully examining it, measuring it, 
weighing it, and sounding it and bringing out its contingencies; he 
** counts the cost," lays securely his foundation, and then, if he is a 
true engineer as he professes to be, and not a superficial pretender^ 
lie rarely fails in his superstructure. 

His pecaliarity of looking into things deeper than inexperienced 

Vol. LIII. 8 
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and nnprofessional persons, is freqnently the cause of creating doubts 
and hesitation in the minds of such persons. His business is to look 
on the worst side in any case submitted to him, and to develop bidden 
and unlooked-for difficulties, to point them out, represent them truly 
and prepare the means to meet them. This is a duty^not always the 
most pleasant; but nevertheless a duty that he cannot shrink from. 
It is not agreeable to be always looking for defects, and investigating 
chances of failure and probabilities of ill-success, especially when they 
are not wanted to be seen, and ho can only find his compensation for 
it, in the assured result that in the end obtains. He is not content to 
place himself in the position of a trader who speculates on a small 
capital, and must have quick returns or become bankrupt ; but if pro- 
perly imbued with the true aims of his profession, looks to the more 
slow and substantial reward that grows out of ultimate, well demon> 
Btrated and acknowledged success. If this comes in the end, well and 
good, — if not, he has at least the satisfaction of knowing that it is de- 
served, and that he has not yielded to a culpable weakness and glossed 
over his work for a transient object, and at the expense of future mor- 
tification. 

But this is a prolific theme that is leading to too great expansion in 
this place, and we must take leave of it for matters more immediately 
pertinent, venturing only to -add a word further, by way of advice, to 
the younger members of the profession. 

Do not be alarmed at any apparent want of appreciation, nor over- 
anxious for immediate success or future fame. Your anxiety should 
be rather for thorough and substantial qualifications. If you have no 
cause to distrust yourself, the rest will come in due time. Cultivate 
a love and an enthusiasm for your profession, for if you do not enter 
into the spirit of it '^with might and main,*' no success will follow; i€ 
you do not honor it, it will not honor you. If you fail to demonstrate 
its qualities and its power, its practical adaptation to small as well as 
great things, by sound and sensible practice, the public will not con* 
fide in you. Confidence is a plant of slow growth, and must be waited 
for patiently. Be deserving of it and you will not fail to attain it 
Do not suppose that success in great enterprises alone is necessary 
for establishing a reputation. The watch is not to be despised be- 
cause it is not as large as the town clock. A canal, a railroad or an 
aqueduct is a work of some magnitude, but it is made up of parts and 
details, each part being, as it were, a speciality in itself, and the mul- 
tiplication of these adds only to the quality, not the quantity, of the 
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*e8pon8ibility, skill or scientific attainmentt demanded. It is neces- 
mrj to be prepared at all points. The profession is expanding with 
the greatly increasing demand for its application in this country, and 
it most be kept up to the emergency. 

If it fails in -its legitimate duties they will fall into other hands and 
bring discredit upon it, as perhaps has heretofore been the case. De- 
monstrate its claims to all the rounds of vocations and duties belonging 
to it, not by empty pretension and a smattering merely of superficial 
qualifications, but by the solid acquisition of fundamental principles, 
and by their exemplification in practice. Do this, ^^act well your 
part," and the public will not fail in the end to perceive it and appre- 
ciate it. 
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PINS AND EYES. 

A PIN, passing through eyes formed on those parts of a machine or 
Btracture which are to be ioined together, is a form of connection of most 
Grequent occurrence, both in civil and mechanical engineering. For in- 
itance, the links of the chains of suspension-bridges are so connected, 
ind so are the diagonals and flanges of Warren girders, whilst in ma- 
chinery it forms the usual form of connection between the parts of all 
link-work. In all these cases, but more particularly in bridge-work, 
it is important that the size of the pins and eyes should be so propor- 
tioned to the strain upon them, that they be of equal strength with the 
parts which they connect. In machinery, where the parts are subjected 
to motion, sufficient bearing surface has to be provided to prevent heat- 
ing, and it is generally this consideration which governs the size of the 
parts, those proportions which give the requisite bearing surface being 
generally amply sufficient as far as mere strength goes. 

In those cases, also, where there is little or no motion between the 

parts to be ioined, the question of bearing surface has more to do with 

the proportioning of the sizes of the pins and eyes than is commonly 

supposed. In such connections, the parts are almost always arranged 

so that the pins are subjected to '^double shear," or, in other words, 

they must, before they fail, be broken through in two places. Under 

these circumstances, the area sheared through is, of course, equal to twice 

the sectional area of the pin, and in the case of wrought iron pins and 

links subjected to tensile strain, it would at first appear therefore that 

the sectional area of the former should be equal to half that of the lat* 

ter, the resistances of wrought iron to shearing and tension being about 

equal. For instance, if we had two links, each with a sectional area of 

twelve square inches at its smallest part, and the end of one of them 



108 CIVIL AND MECHANICAL EKGINEERINQ. 

was made with a double eye embracing the end of the other, then, if the 
resistance to shearing only had to be considered, the connecting-pin might 
have an area of six square inches. Whether this area would or would 
not be sufficient, however, would depend to a great extent upon the form 
of the eyes at the ends of the links. In the first place, the jaws of the 
double eye must be prevented from opening, and so throwing a bend- 
ing instead of a shearing strain upon the pin ; and, in the second place, 
the thickness of the eyes must be suca that they have sufficient bearing 
upon the pin, and so do not fail from distortion. The opening of the 
double eye is generally prevented by means of a head on one end, and 
a nut, or collar secured by a pin, on the other end of the pin; but the 
second requirement, that of bearing surface, is very frequently neglected. 
In cases where, as in the links of a suspension-bridge chain, the thick- 
ness of the links is very small in comparison with their width, the bear- 
ing surface which the pins would have, if made with the proportions 
above mentioned, would be quite insufficient, and the consequence would 
be that the holes would be distorted, and the eyes torn. 

When the late firm of Fox, Henderson & Co. were constructing the 
chains of Mr. Vignoles* suspension-bridge, over the Dnieper, at Kieff, 
a number of interesting experiments were tried to determine the proper 
proportions for the eyes of the links and the connecting-pins, and the 
results obtained were given in a paper afterwards read by Sir Charles 
Fox before the Royal Society. As the chains for this bridge weighed 
over sixteen hundred tons, and had to be carried from Odessa to Kieff, 
over three hundred miles of very bad roads, it was of great importance 
that M useless weight should be avoided, and consequently that no 
superfluous metal should be employed in their construction. For con- 
venience of transit, the links were made twelve feet long from centre to 
centre of pinholes, and ten and a quarter inches by one inch throughout 
the part between the eyes. The eyes or heads were also one inch thick 
by sixteen and a half inches in diameter, and were at first pierced with 
holes four and a half inches in diameter for the reception of the pins, 
which latter had thus an area of 15*9 square inches, or rather more 
than half as ^eat again as the smallest sectional area of the links. 
Notwithstandmg this excess in the sectional area of the pins, however, 
they were, upon experiment, found to be quite unable to develop the 
full strength of the chains. The links were made from iron rnanu* 
factured by Messrs. Thorneycroft & Co., from a mixture of Indiaa 
and other pig iron, and had a tensile strength of about twenty-seven 
tons per square inch, and each link ought, therefore, to have borne, if 
the pins and eyes had been properly proportioned, a strain of at least 
two hundred and seventy tons. Upon the test being applied to one of 
the links, however, it was found that it failed under a strain of one 
hundred and eighty tons, the head or eye tearing across at its widess 
part, where the sectional area was twelve square inches. 

This result led to the supposition that the eyes were too small, and 
some experimental links were accordingly made with eyes eighteen and 
a half inches in diameter. These, however, were found to fau in a simi- 
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lar manner, the pinholes In both this and the former instance being 
drawn into a pear-shaped form, and the metal being bulged on that side 
which had received the strain. Under these circumstances it was de-> 
termined to increase the size of the pins, thus giving greater bearing 
surface, and diminishing the intensity of the strain upon the eyes. One 
of the links, with a sixteen and a half inch head, was accordingly taken, 
and the pinholes enlarged to six inches in diameter, so that each pin 
had a semi-cylindrical bearing surface of 9*4 square inches instead of 
seven square inches, as in the former experiment; and the result of 
this alteration was, that the breaking strain was augmented from one 
hundred and eighty tons to two hundred and forty tons, notwithstand- 
ing that the head had less metal in it than before. Further experiments, 
subsequently made, indicated that the diameter of the pins might have 
been still more increased with advantage, the best proportions appear* 
ing to be those which gave each pin an area of semi-cylindrical bearing 
surface about equal to the least sectional area of the links. Sir Charles 
Fox considers that it is best to make the bearing surface slightly in ex- 
cess of the proportion just mentioned, and he thus gets, for the pins of 
suspension-chains, the simple rule that the diame4er should equal two- 
thirds the width of the body of the links. 

As the sectional areas of the pins increase as the squares of their 
iiameters, whereas the bearing surfaces increase only as the diameters 
lirectly, it follows that, whilst, in the case of small sizes, a pin of the 
requisite sectional area may give an excess of bearing surface, so, on 
'be other hand, a large pin having the requisite bearing surface will have 
ui access of sectional area. In cases where the pins are exposed to 
'single shear,*' the change from the one condition to the other will take 
ilace, with links one inch thick, at that size of pin, which has a semi- 
ircamference in inches equal to its sectional area in square inches, or 
t a diameter of two inches ; with thicker links this diameter will be less, 
nd with thinner, greater. In pins of large size, when, in order to ob- 
iin the requisite bearing surface, the diameter is made much larger than 
oald be necessary to give the proper sectional area, the dead weight 
ajr be diminished by making them hollow, care being of course taken 
ist the thickness of such tubular pins is sufficiently great to prevent 
ijr distortion taking place when strain is applied to them. 
In determining the proportions of the eyes through which the pins are 
issed, it must be remembered that the strain upon the metal compos- 
g them is not uniformly distributed, the stress being more severe upon 
le inner parts than upon the outer. To compensate for this, Professor 
linkine advises that the sum of the sectional areas of the two sides of 
I eye should be made one-half greater than would be required if the 
rain was uniform. The experiments on the links for the Dnieper 
ridge, above mentioned, show, however, that a less proportion than 
lis is sufficient. The links tested had, when fitted with the six-inch 
ins, but five and a quarter inches of metal on each side of the pinhole, 
hilst the body of the link was ten and a quarter inches broad ; and, 
nder these circumstances, the breaking strain was two hundred and 
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forty tons against about two hundred and seventy tons, wbich, accord- 
ing to the trials of the iron, would have been required to break the link 
through the body. From these results, Sir Charles Fox estimates that 
the sum of the widths of the two sides of the eyes should be about ten 
per cent, greater than the width of the body of the links, this rule, of 
course, referring to those cases in which the link and eye are of uni- 
form thickness throughout. 

When circumstances will allow of its being done, the best way to 
obtain the requisite bearing surface for the pins connecting links of 
small thickness in proportion to their section, is to increase the thick- 
ness of the eyes beyond that of the links themselves. This allows the 
metal around the eye to be made narrower, and it thus consequently 
diminishes the inequality of the strain throughout its section. Where 
the links to be connected are of square section, or are of considerable 
thickness in proportion to their sectional area, this thickening of the 
eyes becomes unnecessary, as sufficient bearing surface is given with- 
out it. A rule, for the size of eyes, which has been much used, and 
which gives generally very good results, is to make the outside diame- 
ter of tne eye equal to twice the diameter of the pin passed through it, 
and then to increase the thickness until the requisite sectional area ia- 
obtained. 



From the London Medumlct' MaguiDe, Not«mber, 18M. 

OVERHEATED STEAM-BOILERS. 

A PARAQRAPH has just been going the round of the papers, to th9 
effect that, recently, when the fireman at the Agnes Main Colliery, 
Barnsley, went to attend to his fires, to get the steam up, he observed 
that the float belonging to one of the boilers was down ; and, on mak^ 
ing an inspection, he found that the sluice-valve had been opened and. 
the whole of the water run off. Although this was a villanous act, if 
wilfully done, yet we cannot help thinking that an unnecessary degrea 
of sensationalism has been imparted to the circumstance by the various 
headings given to the paragraph in question, and by the further state- 
ment that, as the plates of the boiler were red-hot, had the fireman turned 
the water on before he made the discovery, there must have been an ez' 
plosion and, no doubt, loss of life, as several persons were in the imme- 
diate neighborhood of the boiler. Granted, that the plates of the boiler 
were red-hot; but we certainly think there would have been no explo- 
sion, much less loss of life, had the fireman turned on his feed-water. 
This mav appear a somewhat startling opinion to advance, and yet it 
is one wnich can be supported controversially, and, what is more, is 
recorded to have been established practically. Let us see, then, how 
stands thistheory of steam-boiler explosions, which generally goes under 
the denomination of overheating. A great number of boiler explosions 
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are attributed to overheating; in fact, some theorists go so far as to 
MSttme this as the general cause of such catastrophes. Now, this theory, 
taken in a broad sense, is a false one, although it is possible that a boiler 
may be exploded by the formation of a great quantity of steam from 
water thrown upon red-hot plates. But a consideration of some of the 
phenomena of heat, places this possibility at the very farthest limit, and 
the occurrence of an explosion from such a cause only just within its 
bounds. We quench the heat of a railway tyre in a cistern, and why 
may we not as safely fill a red-hot boiler with cold water? It is surpris- 
ing to see how small a quantity of steam is disengaged when a laree 
body of wrought iron is plunged into twice or thrice its weight of cold 
Water. Now^ if we reverse the operation and dispose the same weight 
of metal in the form of a boiler, heat it to the same degree, and throw 
the same quantity of cold water into it, is it not reasonable to expect 
that exactly the same amount of steam will be produced ? If so, where 
would be the harm done to the boiler beyond the damage inflicted upon 
the iron by burning? 

If we look into the matter a little more closely, we shall find that the 
metallic plates of a steam-boiler are not capable of containing sufficient 
heat to change a very large quantity of water into steam. The total 
quantity of heat which would raise the temperature of one hundred 
weight of iron through one degree, would, according to the best authori- 
ties, impart the same additional temperature to twelve and a half pounds 
only of water. And this makes it clear that overheating is not the sole 
cause of an explosion, although it may lead to a rupture by weakening 
the plates. So much for the theory, which certainly is opposed to the 
doctrine propagated in the paragraph to which we have alluded. Much 
more so is practice in the matter, which leads us to believe that an empty 
boiler, however much it may be overheated, may be filled with water 
with perfect impunity. Indeed, it is on record that this has been done; 
and this was the experiment: An empty boXer, twenty-five feet long 
and six feet diameter, and with the safety-valve loaded to sixty pounds 
per square inch, was made red-hot. Whilst in this condition, the feed 
was suddenly let on and the boiler filled up. The experimf^iters anti- 
cipated a mighty explosion, for which they were fully prepared, but no 
such event occurred, the result being simply a sudden contraction of the 
overheated iron, whioh allowed the free escape of the water at every 
seam and rivet as high as the fire-mark extended. Although we were 
not witnesses of the occurrence, yet, arguing upon the hypothesis re- 
garding the action of heat already referred to, we cannot hesitate to 
accept the fact ; the more so in that we have heard of other experiments 
of a similar character having been made, and which were attended with 
similar results. The conclusion, therefore, is, that although at the Agnes 
Main Colliery a diabolical act has doubtless been committed, and one 
for which the offender should be made to suffer severely, yet no greater 
damage than has been done could have accrued, had the fireman turned 
the feed on. The result would most probably have been a rapid cooling 
and contraction of the plates, and, when the water reached a sufficient 
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heigbt, the extinction of the fire. This may appear an nnsatisfaetorj 
conclusion to some of our contemporaries, who would have the fireman 
and his co-workers raise a hymn of praise for deliverance from an awful 
catastrophe. It is, however, the only legitimate conclusion to which 
we can arrive upon a consideration of the known laws of cause and 
effect. Moreover, it is the teaching of science, the laws of which arefixed 
and immutable, and its facts the stubbomest of all stubborn things. 

Whilst on the subject of steam-boiler explosions, we may as well pur* 
sue the matter a little further, with regard to the cause of their violence. 
Many theories as to the cause of the violence exhibited have from time 
to time been called into existence by the characteristics attending 
various steam-boiler explosions. Some of these find support in circum- 
Btances which are fatal to others, and vice versa, while most of them are 
open to the entire objection from their inconsistency with certain fixed 
laws of cause and effect. We do not, however, purpose now to travel 
over old ground, nor to reopen questions long since set at rest. We will 
content ourselves by observing in passing, with regard to the various 
theories, that the percussive force of steam alone is incapable of pro- 
ducing the destruction attending most steam-boiler explosions. Over- 
heating, with which we have already dealt, cannot be assumed as the 
general cause, for explosions have often taken place when, but a mo* 
ment before, the water-gauges indicated an ample supply of water. We 
have seen that a boiler has been even filled, while red-hot, with water, 
but no explosion took place. The electrical hypothesis, so fondly in* 
dnlged in by some, is perfectly untenable, for it is impossible for elec* 
tricity, if generated by ebullition or in confined steam, to collect within 
a boiler, which is in direct communication with the earth. That the 
decomposition of steam is a cause of the violence — or even of explosions 
at all — is negatived by the fact that the decomposition of water by heat 
on a large scale, for the purpose of applying its elementary gases sepa- 
rately, has generally been attended with very unsatisfactory results. 
Thus we work round to our starting point, and ask. To what cause shall 
be attributed the violence attending a boiler explosion ? This proposi* 
tion is, to our mind, most effectually met by the theory advanced by 
Mr. Zerah Colburn some six years since, and which subsequently formed 
the subject of some discussion in our columns. 

In all boiler explosions, the pressure of steam is instantaneously liber- 
ated from the surface of the hot water present. Assuming the boiler 
to be at work at a pressure of forty-five pounds, the water will be at a 
temperature of about two hundred and ninety degrees. Now, freeh 
water cannot for an instant be maintained at a temperature much greater 
than two hundred and twelve degrees, under the ordinary atmospheric 

Sressure. If, therefore, the pressure upon it be suddenly liberated, when 
eated to (say) two hundred and ninety degrees, a most violent disen- 
gagement of steam, and projection of water along with it, must inevit- 
ably take place. The shells of boilers are constantly liable to rupture 
from original unsoundness of the iron, bad riveting, corrosion by bad 
water, or furrowing. This being the case, what are we to expect when 
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he opening of a weak point saddcniy liberates the steam pressure from 
hirty, forty or even sixty tons, of heated water, which are waiting below 
burst partly into steam ? To render the matter perfectly intelligible, 
re will state the distinct and consecutive operations into which, accord- 
Qg to Mr. Colburn, a boiler explosion, although practically instan- 
Mieous, may be resolved. They are, first, the rupture, under hardly, 
* any more than, the ordinary working pressure of a defective por- 
on of the shell of the boiler — a portion not much, if at all, below the 
at€F-line. Second^ the escape of free steam from the steam-chamber, 
id the consequent removal of a considerable part of the pressure upon 
le water, before its contained heat can overcome its inertia and per- 
it the disengagement of additional steam. Third, the projection of 
eaiD, combined, as it necessarily must be, with the water, with great 
»looity, and through a greater or less space, upon the upper sides of 
.e shell of the boiler, which is thus forced completely open, and per- 
ips broken to pieces. Fourth, the subsequent disengagement of a large 
lantity of steam from the heated water now no longer confined within 
le boiler, and the consequent projection of the already separated parts 
: the boiler to a greater or less distance. This unique theory harmo- 
laeB 80 well with the circumstances of steam-boiler explosions, that we 
m bat admire and accept it. It is so consistent with all the phenomena 
^tending these explosions that it leaves no room for doubt or question- 
ig as to its soundness. It receives support from the well-known fact 
lat boiler explosions frequently take place at the starting of the en- 
ine, when there is a sudden withdrawal of pressure in the boiler. The 
i08t conclusive evidence of the soundness of the theory, however, would 
9 suddenly to condense steam in the steam-chamber of a boiler at work 
dd to watch the results. If a boiler were half filled with water, and 
he steam got up to thirty pounds or forty pounds, and if a quantity 
f water were suddenly thrown into the steam-space, the steam would 
e suddenly condensed, and an explosion of the boiler would doubtless 
illow. Such an experiment would, of course, be attended by consider- 
ble danger, and the object gained would probably, after all, be very in- 
deqaate to the risk involved. It seems to us, however, that the question 
iSS just been practically solved, and the only evidence wanting actually 
applied, although under most distressing circumstances. We allude to 
be recent loss of the OereSj in the reports of which catastrophe it is 
tated that the sea rushing suddenly in upon the boilers caused them to 
urst with fearful results. If this be correct — and all account? agree 
pen the point — here is a singular though melancholy confirmation of 
ir. Oolburn's theory. The cold water suddenly cooled the boiler-plates, 
ondensed the steam in the steam-space, relieved the pressure on the 
}wer part, and forthwith the steam and water from below burst forth 
rith resistless energy upon their errand of destruction. 
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From the London Engineering, No. 61. 

GRINDING TYRES. 

It is a fact well known to locomotive engineers that steel tyres, after 
they have been some time in use, become greatly hardened on their bear- 
ing surfaces, and that, in fact, a kind of hard skin is formed on them 
which it is frequently exceedingly diflRcult to remove by the ordinary pro- 
cess of turning. This more particularly happens in tyres which are sub- 
jected to the action of brake-blocks, as, for instance, in the case of those of 
tank-engines and tenders, and it has led to the manufacture of several 
classes of tool steel specially intended for turning them. In some cases the 
plan has been adopted of breaking up the hard skin of the tyres by 
means of a hammer having a blunt cutting-face, the cuts made by this 
hammer enabling the point of the turning tool to be got under the skin. 
This plan enables the difficulty to be got over in the greater number of 
instances, but the process of turning is necessarily a slow one, the speed 
of the lathe having to be reduced below that ordinarily employed. 

During the time that Mr. (now Sir Daniel) Gooch was locomotive 
superintendent of the Great Western Railway, he extensively employed 
on that line composite tyres formed of iron faced with steel, and as the 
latter was hardened, it was impossible to turn them in the usual way. 
This led to the use of machines for grinding the tyres, and several of 
these machines have been successfully at work at Swindon for many 
years. At present their application is not confined to hard steel tyres, 
but they are partly employed on other tyres also, and it is probable that 
they will be used still more extensively. They each consist of a bed-plate 
carrying a pair of centres, between which the wheels, of which tho tyres 
are to be dressed up, are placed ; and they are furnished with a couple 
of rests, similar to those of an ordinary wheel-lathe, but each support- 
ing a small grindstone instead of a tool-holder. These grindstones are 
run at a good speed by means of a simple arrangement of belting, and 
the wheels which are being dressed are made to turn in the opposite 
direction, by means of a belt passing over a pulley temporarily fixed on 
the axle. The grindstones can be moved either laterally or to and from 
the wheels, like the tools of an ordinary lathe, and the dressing up of 
the tyres is entirely completed by them. 

In the case of tyres which could be easily turned up in a lathe, the 
cost of dressing them by grinding is found to slightly exceed that of 
turning, but in the case of very hard tyres it is considerably less. At 
Swindon, Mr. Armstrong is about to fit up a tyre-grinding machine with 
four stones, two stones being made to act upon each tyre like the tools 
of one of Whitworth's duplex lathes, and it is expected that by the use 
of this machine the cost of grinding a pair of tyres will be reduced be- 
low that of turning them in all cases. The tyre-grinding machines turn 
out excellent work, the finish being quite equal to that obtained in the 
lathci and the correct section of tyre being accurately formed. 
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Althongh we believe that the practice of grinding tyres has been car- 
ried out more extensively at Swindon than it has been elsewhere, yet 
tyre-grinding machines have been used to some extent at other railway 
works, — for instance, at those of the London and South-western Rail* 
way at Nine Elms, those of the Great Eastern Railway at Stratford, 
and some of the railway shops on the Continent. Except in the case of 
those at Swindon, however, the use of the tyre-grinding machines has 
been confined in most cases to the removal of the hard skin of the tyres 
only, the tyres being afterwards finished in the lathes in the ordinary 
iray. The Swindon system is much more economical, and there is every 
reason to believe that tyre-grinding machines of some form or other will 
l)e eventually found amongst the workshop platit of all lines upon which 
steel tyres are used. 
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BOLTS AND NUTS. 

To KECOUNT the numerous ways by which the two simple and most in- 
dispensable elements of machinery — bolts and nuts — are manufactured, 
and the different tools used for the purpose, would occupy a volume of 
Tery considerable size, and of, perhaps, no small value to a limited num- 
ber of persons. Bolt and nut making has become a large and valuable 
trade of itself, and many extensive works, such as the Bolt and Nut 
Company's works, at Smethwick, the Cleveland Bolt and Nut Works, 
at Middlesborough, and others, are constantly occupied in the manu- 
facture of this speciality. The great bulk of the bolts and nuts, how- 
ever, manufactured in these works for sale, are of the kind commonly 
called ^^ rough," while the ^^finished " bolts and nuts, or those which are 
cut and shaped to great nicety in the thread as well as on the sides of 
the nut and bolt-head, are generally produced by the engine-builders 
who use them, engineers being as yet disinclined to entrust the ac- 
curately finished work they justly lay so much value upon, to other par- 
ties. Machines for finishing bolt-heads and shaping nuts are, therefore, 
an universal requisite in engineering works. One of the oldest and most 
successful types of nut-shaping machines has a pair of revolving cutters 
set to a distance apart corresponding to the width of the nut or bolt- 
head to be acted upon, this nut or bolt-head being passed between the 
cutters, either in a straight line, as in Mr. Whitworth*s machines, for 
instance, or in a curve, as in the tools designed by the late M. Borsig, 
and which are still at work in his factory, at Berlin. In the exhibition 
of 1862, Mr. Hartmann, of Chemnitz, produced a very neatly designed 
machine for shaping nuts, made on the principle of a duplex slotting- 
machine, and this machine (the manufacture of which, in England, has 
been taken up by Messrs. Sharp, Stewart & Co.) was illustrated and 
described in this journal, at page 183 of the present volume.* An 
excellent nut-shaping machine, and one capable of producing a large 
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quantity of beautifully finished nuts, is now in use at Messrs. Clay- 
ton, Shuttleworth k Co.'s works, in Linooln, the machine being de- 
signed by their manager, Mr. Wilkinson. The nuts are screwed, in 
numbers of four to six, upon bolts, placed radially into a reyolving 
head-stock, and are, in their rotation, passed first between two cut- 
ting-tools, fixed in a slide-rest, at a distance apart slightly in excess 
of the finished side ; and then, on the opposite side, after completing 
half a revolution, they are operated upon by a pair of finishing tools, 
set so as to reduce the nuts to the exact size required. The nuts, by 
this process, acquire a very pretty appearance on their outer surfaces, 
owing to the curved tool-marks left by the action of the machine, and 
they are finished with great accuracy. It is said that a number of about 
one hundred nuts, when placed upon a table side by side and tied round 
with a string, can be lifted oif together, and will not fall asunder when 
removed from the table. This, it need hardly be remarked, would be a 
test proving a degree of correctness and accuracy equal to the best en- 
gineering workmanship in existence. Attempts have been made to forge 
bolt-heads and nuts to such a nicety as to do away with tool-shaping 
altogether. To produce a nice, clean surface, the nuts and bolt-heads 
have been hammered cold, and articles of very good appearance have 
been produced by this process ; but the iron, being operated upon at a 
low temperature, became brittle and crystalline, and the bolts and nuts 
showed the faults peculiar to that molecular structure. Thebrittlenessof 
these cold-hammered bolts and nuts can be removed by subsequent an- 
nealing, but then they again lose the smooth surface ; so that, practi- 
cally, they are not much superior to the '^ rough" bolts and nuts of the 
trade coming from a first-class maker, and for which the name '* rough" 
is certainly an unsuitable term, if taken at its proper meaning. Bolts 
and nuts, in great numbers, are cast with threads complete, by some 
manufacturers. Mr. E. II. Benthal, of Heybridge, casts bolts and nuts 
with such nicety and cleanness in the thread of both, that they fit and 
work into each other with an ease and correctness which cannot fail to 
cause some degree of astonishment. The threads are, of course, moulded 
from cut bolts in the first instance, and the preparation of moulds and 
cores requires great skill and experience; but, by practiced workmen, 
the work can be carried out with perfect success, and the bolts and nuts 
80 made, can be advantageously used for many kinds of agricultural im- 
plements and machinery, or for articles of a similar nature. 

The advocates of division of labor amongst engineers — and they form 
a very strong majority in the profession — will perhaps endorse the 
opinion originated by a mechanical engineer of great practical experi- 
ence — that a manufactory for finished bolts and nuts, fitted out with 
the most improved machinery for screwing, shaping and finishing, and 
earried on upon the strict principle of producing nothing but the highest 
class of work, would be a great advantage to engineering works in gen- 
Aral, and .would find favor with engineers in the same den'ee as their 
«onfidenoe in the accuracy and good quality of the work produced should 
te juiified by experience. The uniformity of thread introduced by Mr. 
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Whitworth'fl standard, and the great benefit derived from it by mechani- 
oal engineering at large, is, to a great extent, favorable to snch a sys- 
tem of manufacture, and would enable works laid out for it to keep a 
stock of all standard sizes of finished bolts and nuts, which might be 
supplied cheaper, and, if not better, certainly as well finished as in the 
best machine-shops existing. Their manufacture, when thus carried out 
on a large scale, would receive more of the undivided attention of prac- 
tical men than can be bestowed upon this single subject in large works, 
where it forms only one of the numerous accessories of the general busi- 
ness, and has to be carried on, so as to least interfere with the main 
bulk of the work. 



From the London BnginMring, No. 29, Vol. II. 

ROAD TRACTION ENGINES. 

WrrH the change of Ministry there is every probability of a relaxa- 
tion of the obstructive and mischievous legislation on steam traction 
engines. For these there is a large and increasing demand, since by 
means of them, work can be done at half the cost of, horse-power. The 
first of a number of traction engines required by the Ottoman Carry- 
ing Company has recently been turned out bv Messrs. Dubs & Co., 
Locomotive Works, Glasgow, to the designs of Mr. D. K. Clark, C.E., 
embracing the Bray driving-wheel and many points of novelty which 
have been protected by patents. The engine is intended for service 
in Syria, between Damascus and the port of Beyrout, ajourney of sixty- 
eight miles, across Mounts Lebanon and Anti-Lebanon, and is to carry 
ten tons of goods over steep inclines of one in twelve, and others 
scarcely less steep, at the rate of from three to five miles per hour. 
This engine difiers in several important particulars from the ordinary 
construction of traction engines. These have for the most part been 
made, as a 8ine quH nany cheap, after the model of the common porta- 
ble engine, for agricultural purposes, combining the means of occa- 
sionally taking a load across a field or along a country road, with the 
means of driving machinery. But in the new engine, which is sup- 
ported on bearing springs, a strong frame is constructed expressly to 
carry the boiler and the whole of the machinery, also to bear all the 
stress and fatigue incidental to the hauling of heavy loads on common 
roads. By means of a compact differential motion, the engine is en- 
abled to turn the quickest curves, with a train behind it, with the 
greatest facility, the outer driving-wheel being, by self-acting means, 
enabled to revolve faster than the inner one, as in an ordinary carriage 
or wagon. Thus, the whole tractive power of the engine is available 
in turning the curves, getting rid of the stress and loss of power caused 
by the inevitable slipping and grinding of engines not so fitted. The 
madiinery is arranged horizontally beneath the boiler, and thus a 
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very simple and compact system of framing has been matured. The 
Bray teeth, which are applied to the driving-wheels, are formed hollow, 
80 as to receive the thrust of the teeth-rods inside, and thus to avoid 
the tilting action of a thrust on end. By means. of these and other 
specialities, Mr. Clark has endeavored to combine great strength and 
lightness with efficiency and durability ; at the same time the cost is 
moderate. The engine carries five hundred gallons of water and fif- 
teen hundred-weight of coal, and when tested with the regulation load 
of ten tons, carried in two wagons over the steep inclines of the Cath- 
cart Road, near Glasgow, she ran at an average speed of four and a 
half miles per hour, going and returning, the prevailing gradient being 
one in thirteen and a half, on a macadamized surface. The maximum 
speed was about six miles per hour, equal to that of a London four- 
wheeled cab. The engine has been solidly constructed of the best ma- 
terials and workmanship, and has been beautifully finished, to the neat 
credit of the young, but already celebrated, firm of Messrs. Dtibs & Co. 
This, the first traction Engine constructed for the Ottoman Company, i 
named the Abdul Aziz. 



HYDRAULIC RAM OBSERVATIONS, 

FOR USEFUI. KFFECT. 

Obsebyatioks by Gbn. H. Haupt, Oct. 10, 1866,— Chestnut Hill. 
Beduced and compared by Henry Gabtwrioht, Esq. 

Head of water to Ram, 8-812 feet. 

Discharge of water per minute, 768 cubic inches = 8*31 gallons of 
231 cubic inches = 27*73 pounds. 

Diameter of drive-pipe, 1 J inch X 15 feet long. 
Diameter of delivery-pipe, } inch X 200 feet long. 
Horse-power of water to Ram, '0074 = y^^ horse-power^ 

(27-73 X 8-812= ll^ =- -0074 horse-power.) 

Height of delivery, 63*4 feet. 

Delivery per minute, 48 cubic inches = 1*736 pounds. 
Delivery per five minutes, 1 gallon. 
Strokes of Ram per minute, 170. 

1-786 pounds X 63*4 feet = 110*06 pounds, one foot high, 1 
27*73 pounds X 8*812 feet = 244*35 pounds, one foot high, / ^^^ 
effect produced is *45 per cent, of power expended. 
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THE HOLTZ MACHINE. 

A SIMPLE, OHBAP AND EFFI0IEVT FORM. 

By H. Morton, Ph.D. 

As HAS been mentioned in a previous number of this Journal^ the 
Holtz machine, manufactured by Ruhmkorff, and secured for me at a 
Tery early period by Mr. James Swaim, now resident in Paris, after 
^working in a very satisfactory manner for some weeks, suddenly gave 
out and failed to produce any useful effect. 

A series of experiments, which followed, served to demonstrate that 
this failure resulted from a loss of insulation in the edges of the paper 
strips attached to the fixed plate. And this fact, together with its 
remedy, (found in giving the papers extra insulation at their edges,) 
was published in this Journal^ page 421, Vol. LII. 

At that time the expedient of turning the plate around, so as to have 
the papers on the outside, and thus secure the glass plate itself as a 
means of insulation, was tried, but not found satisfactory, owing, as is 
now believed, to accidental causes, such as dampness, hasty adjustment 
&c. The result obtained was however, so little excellent that all 
thought of adopting such a method was abandoned. 

A few days since, however, in showing the machine to Mr. Robert 
Briggs, I set the plate in this way to illustrate certain actions, and the 
weather being very dry and adjustment good, found the effect far 
better than was expected ; in fact 90 good, that the machine was run 
for a long time and with great satisfaction, in this way. We can 
therefore recommend this plan for adoption whenever a machine loses 
effect by leakage. If the fixed plate is reversed and adjusted as close 
as possible to the other, all the quantity effects can be obtained as be- 
fore, the length of spark only being shortened somewhat. 

On the same occasion, while discussing with Mr. Briggs the theory 
of this machine and the modifications of M. Bertsch, this gentleman 
proposed to abandon the fixed plate and substitute for it four plates 
of vulcanite, supported in a frame, which he sketched on the spot, and 
proposed to have made and send to me as soon as possible. In due 
course the frame arrived, and pending the preparation of the vulcanite 
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strips, which were not ready, I arranged Four plates of glass, such as 
I use for drawings in the lantern, with strips of paper such as are 
found in the ordinary Iloltz machine. These I supported in the frame 
opposite the collecting points, and much to my satisfaction, fonnd the 
machine in this cheap form to work with quite as great effect as in the 
delicate and costly construction with the five-windowed plate of glass. 
This result was naturally to have been expected, the office of the 
glass plate being merely to afford an insulating mechanical support to 
the paper strips, (according to the theory of the machine which I hare 
before published). 

The exact method of arrangement is indicated in the accompanying 
figure, where i, e, u, n represents the supporting frame, and F, D, B, c 
the glass plates ; irhile 
the revolving glass 
disc is shown at A, c, 
B, and the pulleys and 
crank, to give it mo- 
tion, at cc and H. 

The advantages of 
this form are manifest, 
including cheapness of 
construction, ease of 
transportation and repair, capacity of modification; two, three or four 
elements, or a larger number, being easily applied or removed, as oc- 
casion requires. By placing the papers on the outside of the glass, the 
great difficulty of securing thorough insulation to their edges is re- 
moved, and a few ooats of varnish, hastily applied, render them efficient 




HOW TO SELECT LUBRICATING OILS. 

Is SEIECTina sperm oil for fine machinery, a small quantity should 
be poured on a polished steel plate. If it corrodes the plate, as some 
samples will, it should not be used. There is sometimes a trace of 
acid in the oil. . . . 
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TvMidAtad iMr the FrmnUIn Inatitmte Joanial tttm the Oomptai ReodiH, Vol. LXIU., p. 881. 

A FURTHER MODIFICATION OF THE HOLTZ MACHINE. 

By M. A. PiCHX. COMHTTKICATION BT M. DS PaRYILLS. 

Ik the Campte Rendu of November Sth, M. Bertsch gives a descrip- 
tion of a new electrical generator or conUnnons electrophorus. I also 
have described, in several joarnals, on the 2l8t of January last, an 
apparatus which appears to me similar to that of M. Bertsch. The 
inventor, M. A. Piche, has published a note on the subject, with a 
drawing to explain it. I now have the honor of showing this, to the 
Academy. 

M. Piche discovered his rotating electrophorus in trying to simplify 
M. Holts's machine. I here give a concise description of it: 

A single disc of strong paper, thirty centimetres in diameter, is 
mounted on an axle of isolating material, a glass tube for example, 
that is caused to rotate between convenient supports, by means of a 
handle and two pulleys with an endless band. In front of the disc 
there are two collectors with metallic points, symetrically placed with 
regard to the centre. These copper wires, which are at first perpen- 
dicular to the plane of the disc, turn at the ends vertically, one towards 
the bottom, the other towards the top, so as to approach each other, 
and they terminate in two movable balls. ' 

To charge the apparatus, you take a piece of paper which has been 
well dried by the fire, and rub it; then place it at the opposite side of 
the disc. You then rotate the disc, and you will perceive between the 
two balls a luminous jet, the sparks of which are continuous, and give 
out ozone. 

By covering the disc with shellac, and placing in front of the second 
collector, another piece of paper charged with opposite electricity to 
the first, it produces more intensity in the experiment, and causes it 
to last longer. You obtain with this rudimentary apparatus sparks of 
five centimetres in length, when the experiment is successfully per- 
formed. 

If you connect the two balls with the armatures of a Leyden jar, the 
jar is rapidly charged, and if you bend the copper wire so that the jar 
will discharge itself, you can obtain forty discharges without rubbing 
the paper again. 

Vol. LIIL 9 
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It is only necessary to compare tbis short description with that of 
M. Bertsch, to be convinced that the two pieces of apparatus are simi- 
lar, having the same principle and the same result. 

M. Bertsch writes : ^' A disc, formed of a sheet of isolating material, 
is mounted on an arm of the same material, and can be turned by a 
handle or treadle, with the rapidity of ten or fifteen turns a second. 
Two collectors with metallic points and without communication between 
them, are placed perpendicularly to the plane of the plate, and serve to 
exhibit the double current which is created." And further on: '^Be- 
hind the plate, and parallel to its plane, you can place, if desired, one 
or many sectors, or thin sheets of isolating material, not in contact 
with the last, but at a short distance from it," etc. ^^To start the ma- 
chine, it is sufficient to rub one of these sectors very lightly with the 
hand, which excites its surface, and to place it in the indicated posi- 
tion ; the wheel then being put in motion, a series of sparks springs 
between the two electrodes without interruption," etc. 

M. Piche constructed his machine, with a trifling cost, with paper, 
glass tubes, corks and copper wires. M. Bertsch has made a scientific 
instrument, but it appeared to us that it was not without interest, nor 
even without importance, to enter into these details of the other ap- 
paratus. 



From the London Journal of the Society of Arts, No. 689. 
(Continued from page 4C). 

CANTOR LECTURES-SUBMARINE TELEGRAPHY. 

By Flbeming Jenkin, Efsq., C.E., F.KS. 

But although from these tables it appears that the Atlantic cable 
might be lifted by sheer pulling, this course is not advisable owing to 
the extra strains produced by the heave of the ship, the resistance to dis- 
placement by the water, the friction of the water, possible currents of 
water, the possible drift of the ship to one side of the cable, and the pos- 
sible existence of a weak point in the cable. Owing to all these elements 
the practical chances of success by sheer pulling are very small. It has 
been proposed to lift the cable by a number of ships, acting like so many 
piers to a suspension-bridge. It is difficult to suppose that they would 
keep their respective positions accurately, or all haul in at the proper 
rate. It has also been proposed to catch the cable at one point, then at 
another nearer the end, then to drop the first grapnel, and catch the cable 
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again nearer the end, and so, working hand over hand, reach a point at 
last 80 near the end that the cable could be lifted nearly vertically. This 
isbetter than the last plan, but is unnecessarily complicated, and the cable 
might easily be injured in the attempts to catch it at so many points. The 
rimple plan which at once occurred to all practical men, is to catch the 
cable with one ship by holding grapnel, and then to cut it with a grap- 
nel from a second ship, some three miles to seaward; the loose end held 
by the first ship could then be hauled on board with little strain. This 
plan will probably be adopted, with much chance of success. It is cer- 
tain the cable tpat caught, and probably it can be hooked again; if so, 
there should be no difficulty in raising it, unless it is rusted to a much 
greater extent than we have any reason to expect The grapnel of the 
first ship should be a holding grapnel, of which several models were 
shown, otherwise the loose end might fly back over it if the second ship 
sat too near the first. The second ship should tave a cutting grapnel, 
>f which models were also shown, lest if the attempt were made to break 
the cable by brute force it might break at an inconvenient point. Mr. 
Latimer Clark's grapnel, which would answer either of these purposes, 
iras exhibited. The cable when hooked, releases a catch, allowing a 
block, to which the grapnel rope is attached, to be hauled up the shank, 
palling round two right and left hand screws by two steel bands ; the 
ftorews close the jaws which grip the cable or cut it ; or one grapnel may be 
made both to cut and grip the cable. The grapnel can Tie in only two 
positions, and if dragged in the proper direction, cutters placed at two 
diagonally opposed corners would cut the cable certainly to seaward, 
and the jaws hold the landward end. A simple form of holding grapnel, 
conceived by Mr. Carpmael, Jr., was shown ; in this the cable is jammed 
between the prongs and a kind of half bollard. A holdfast or cutting 
grapnel, designed by the lecturer, was also shown. Each prong is hinged 
OD a pin projecting beyond the shank, and the prong is so shaped at the 
root that the cable, when on it, closes the prong tighter and tighter on 
itself, whereas the end of the prong, when dragging through sand or 
mud, is opened like a Trotman's anchor. 

LECTURE IV. — ELECTRICAL TESTS. 

1. Tenni tued. — In order to understand electrical tests, it is chiefly 
necessary to have a definite conception of what is meant by electrical 
resistance. When the two end-plates of a voltaic battery are joined by 
a wire or other conductor, an electric current flows through the eon- 
luotor, the presence of the current being shown by the power the wire 
has acquired of deflecting a magnet in its neighborhood. The magni- 
tude of a current is simply proportionate to the force with which it 
acts on a magnet {cceteris paribtis.) Thus, a magnet hung inside a coil 
>f insulated wire, is called a galvanometer, or current measurer, since 
it may be said to measure the current by the deflection of the magnet. 
When this deflection is small, as was the case with the instruments cx- 
libited, in which the deflection of the magnet was indicated by the 
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motion of a reflected ray of light, the deviations of that ray of light, 
from its normal position, may be considered as true relative measure- 
ments of the current producing that deviation. The battery may be 
looked upon as a constant source of power, and the conductor as a kind 
of pipe conveying the current of electricity. The magnitude of the cur- 
rent depends, with a given battery, on what is called the resistance of 
the circuit. If the wire be small and long, the current will be feeble, 
and the resistance of the circuit is said to be great. If the wire be 
short and thick, the resistance will be small. The resistance of a con- 
ductor is the property in virtue of which it prevents a given battery 
from producing more than a given current, precisely as the resistance 
of a pipe to the passage of water might be defined, as the property in 
virtue of which it prevents the passage of more than a certain current 
of water with a given head. The resistance of conductors varies, not 
only with the dimensions, but with the materials of which the conduc- 
tor is composed; and this resistance can be measured, t.e., compared 
with the resistance of any other given wire, in virtue of Ohm's law, 
viz : that the current through a given circuit is inversely proportional 
to the resistance, and directly proportional to the force producing it. 
That force is constant with a given battery, so that if we find our cur- 
rent halved by the introduction of a certain wire into a circuit, we may 
be sure that the resistance of the circuit is doubled ; but in making that 
calculation we must take into account the resistance, not only of the 
wire, but of the measuring instrument and of the battery. When this 
is done the old distinctions of quantity and intensity currents will be 
found unnecessary, and, indeed, false, since a current has but one mea- 
surable property, viz : its magnitude or strength. A current existing 
in a circuit which already includes a considerable resistance, is what used 
to be called an ^Mntensity current." A current in a circuit which in- 
cludes no considerable resistance, is what used to be called a '^ quantity 
current." The first is little afiected by the addition of a resistance 
which may almost wholly annihilate the second. A convenient method 
of measuring the resistance of a battery, due to Professor Thomson, 
is given in Appendix IL By the simple application of Ohm's law, we 
might compare the resistances of two wires by observing the relative 
effect which they produce in a given circuit ; but this is inconvenient, 
and hardly admits of such accuracy. The battery may vary, both as 
to force and resistance, during the two tests, and even if constant, the 
accuracy of the observation will be limited by the accuracy with which 
a deflection can be observed. More accurate practical tests have, 
therefore, been invented to measure and compare the resistance of 
conductors. 

Tests of Conductor. — Every test used is a test of resistance, and all 
depends upon Ohm's law above cited. The instruments may be much 
varied, but the most convenient is probably that known as ^* Wheat- 
stone's Balance or Differential Measurer. Let four wires be joined 
with a galvanometer and battery, as in Fig. 1. Then, if A, B, c and D 
represent the resistances of the four wires, no current whatever will 
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pass through the most sensitive galvanometer whei - = - » hut if the 
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A, .... . ., C 



ratio - be a little larger than ~, a current will pass through the gal- 



A , „ , C 



Tanometer in one direction. If -- be smaller than —, the current will 

B D 

be in the opposite direction. An explanation of this fact will be given 
in the ensuing lecture. Four wires thus arranged allow us to measure the 
resistance of any one of them which is not known, in terms of the three 
others : If a and b are equal, we may try how great a length of D is 
exactly equal in resistance to o, a selected standard, and this is pre- 
cisely the test adopted to choose copper of small resistance or good 
conducting power, c is, say one hundred inches of copper wire, known 
to be gooa. Then the observer tries how great a length of copper wire 
from a new hank must be inserted at D to bring the galvanometer to 
xero, or no deflection. If this length be one hundred and five inches, 
the new hank is five per cent, better in quality than the standard. If 
the length be ninety-five inches, then the new hank is five per cent. 
worse in quality than the standard. But this is not all. If we desire 




to measure a coil of wire having ten times the resistance of c, we may 
make b exactly ten times a, and then when we have adjusted the length 
of the wire D, so that the galvanometer is at zero, we may be sure that 
the resistance of d is ten times c. Hitherto we have spoken of com- 
paring two random wires ; but it will clearly be convenient to have 
some common term of comparison, such as the foot for length, or the 
pound for weight. With this view the resistance of a certain piece of 
wire is chosen as the unit, and when other wires are measured, instead 
of being always directly compared, they are each compared with the 
unit, and are said to have each so many units of resistance. Several 
units have been proposed. The lecturer uses that known as the British 
AjBsociation unit, sometimes called the ^^Ohm." When a unit has 
been chosen, whether for length, weight or electrical resistance, it 
will always be found convenient to have multiples of the unit for 
measuring large quantities and fractions of the unit for comparison 
with Bjnall quantities. With this object separate pieces of wire, equal 
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to 1, 2, 3, • • . . to 1000, or even 10,000 units, are prepared in cases, 
and conveniently arranged, so that any resistance required can be 
selected and inserted in the required circuit. These cases of gradu- 
ated wires are called sets of resistance coils, and are variously arranged 
by the different makers. Mr. C. W. Siemens and Messrs. Elliott Bro- 
thers, both make sets of British Association coils. If, when possessed 
of such a set of coils, we receive a wire of which we do not know the 
resistance, we may arrange a Wheatstone's balance, in which two equal 
coils are connected, as at A and B. The new wire at D, and the set of 
coils at c. We then find by trial the number of units required to bring 
the galvanometer to zero. If we find d too small to be conveniently 
measured thus, we may choose two coils equal to 1 and 100 for B and 
A. When the galvanometer is at rest, on completing the circuit, the 
resistance of D will be the hundredth part of the coils included at c. 
Similarly, if D be large we may make the coil A 1, and B*100 ; then the 
resistance of D will be one hundred times that of the coils required at 
c to bring the galvanometer at zero. A still greater degree of preci- 
sion in comparing c and D will be obtained if part of the wire between 
A and B be a uniform wire laid along a measured scale, and if the point 
Z, to which the galvanometer wire is attached, be made movable along 
this wire, the resistance of which must be known as compared with the 
other parts of A and B. Now, if a, b, c and D are as nearly balanced 
as they can be by the addition and subtraction of units at c, a still 
more perfect balance (indicated by the absence of deflection in the 
galvanometer) may be obtained by shifting I a little; then, if its po- 
sition be observed, giving the exact ratio between A and B, the exact 
value of D can be found in terms of the unit used at c by a simple-rule 
of-three-sum. In fact, every change that the rule of three is susceptible 
of can be worked out eficctually by the above arrangement, and mea- 
surements can be made without an error of one part in 100,000. Ex- 
periments were shown illustrating the above statements. It will now 
be seen that we have the means of comparing the resistance of wires 
very accurately, and of comparing all wires with a common unit; but 
it is also convenient to be able to calculate beforehand what the re- 
sistance of a given wire will or ought to be, and for this purpose it will 
be sufficient to know the resistance of some one wire of known dimen- 
sions of each material. The resistance of all other wires of that ma- 
terial can then be simply calculated, since that resistance is directly 
proportional to the length, and inversely proportional to the section, 
of the wire. Table IX. is a table of " specific resistances," defined in 
various ways. The first column contains the numbers which will pro- 
bably be found most useful. The following is an example of its use : 
Let it be required to know the resistance at 0^ of a conductor of pure 
hard copper, weighing four hundred pounds per knot. This is equiva- 
lent to four hundred and sixty grains per foot. The resistance of a wire 
weighing one grain per foot is 0*2106; therefore, the resistance of a 

foot of a wire weighing four hundred and sixty grains will be -jgy-f 
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he Teeistanoe of one knot will be 6087 times that of oae foot ; 

*v •. • A ■\^^. 6087X0-2106 „ _- .^ „ 
1 toe resutance rcqmred will be j^ ■ =2'79 unite. If 
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216-0 
798-0 
600-0 

148 'SS 
127-83 

66-10 


0-01937 

0-02103 

0-02067 

0-fJ:il04 

0-02650 

0-02<i97 

0-08751 

07244 

0-1166 

0-1251 

01604 

0-1701 

02527 

0-4571 

1-6B9 

1-270 

0-8140 
0-2695 

0-1399 


0-377 




«r ancMlod , 0-3(i64 


0-388 




0-5849 
0-69M 
006P22 
0-6T10 
3-536 
12425 
1-0786 
1-B17 
8-286 
3-324 
6-054 
ie-740 

4-248 
2-652 

2-8S1 


0-365 










0-365 








elannedod 






0-865 

0-887 
0-380 
0-354 
0-072 

0-031 
0044 

0-065 




tnony pressed.... 
uth pressed 


dnum silver, 
oy hard or an- 


m*a silver, 
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1 ill ver alloy, 
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ameter of tbe wire be giren inatead of its weisht per knot, the 
atioQ is still simpler, and the constant for English meoenres would 
:eD from the third column of the table. Thus, tbe resistance at 
a knot of pare hard drawn copper wire O'l inch diameter, would 
!7 X 9-94 



lOO" 



= 6-05. It will be seen that annealing wires materi- 



e alloy Died for Bi. rBSiaUnco units, Wo ptrU platinu 



a alloy oommonty UMd for retiituics coil*. 
V partt gold, one part silver by weight. 
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ally alters their resistance, though it leaves their cheniieal composition 
quite unaltered. A rise in temperature increases the resistance of all 
tne metals, and Dr. Matthiessen discovered that for all pure metals 
the increase of resistance between 0° and 100° C. is sensibly the same 

Table X. — Constants^ for metals or alloy b^ hy which to calculate the resistance VL 
at temperature t from, the resistance r at zero : fL = r (\ '\-at-^b <•). 

• Pure metals 0-003824 -f 0-COoboi26 

Mercury 0-1)007485 — 000000398 

German silver 00004433 + 0-000000162 

Platinum silver 0-00031 

Gold silver 0-0106999 — 0-000000062 



Tabls XI. — Resistance m ba units of wires one foot long ^ weighing one grain. 



Temperature, 
Centigrade. 


Soft copper. 


Hard copper. 


* 

German 
silver, t 


Platinum 
silver. J 




6 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

80 

31 

82 

88 

34 

85 

86 

87 

88 

89 

40 


0-2064 

0-2102 

0-2144 

0-2153 

0-2161 

0-2170 

0-2178 

0-2186 

2194 

0-2203 

0-2211 

0-2220 

22i:8 

0-2237 

0-2242 

0-2253 

0-2262 

0-2271 

0-2279 

0-2287 

0-2296 

0-2305 

0-2313 

0-2322 

0*2328 

0-2340 

0-2348 

0-2367 

0-2366 

0-2376 

2888 

0-2391 


0-21(MJ 

0-2147 

0-2188 

0-2197 

0-2206 

0-2214 

0-2222 

0-2231 

0-2289 

0-2248 

0-2256 

2206 

0-2272 

0-2283 

0-2288 

0-2299 

0-2308 

0-2817 

0-2826 

0-2334 

0-2343 

0-2352 

0-2360 

0-2369 

0-2376 

0-2388 

0-2396 

0-2406 

0-2413 

0-2424 

0-2482 

0-2440 


10-01 

10-628 

10-647 


16-97 
1700 
17-02 


i 










10665 


17-06 










j 


10 082 


17-08 














10-702 


1710 














10-720 


17-13 


1 


•••••••.••••... . '. 






10-739 


1716 








\[[j[[[['[ 


0-2400 


0-2449 


10-757 


1718 



♦ Approximate or mean formula. f Calculated from Bpccific gravity 8-47. 

I Calculated from specific gravity 12-0. (Approximate yaluet only.) . 
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except for iron. Table X. gives the formula and constants by which 
the resistance of any wire between thoso limits may be calculated. 
Rooghly, all pure metals increase from 0'37 to 0-39 per cent, for each 
degree of temperature within the limits usually occurring in rooms. 
Table XI. gives the specific resistance of the more important metals 
at various temperatures. The resistance of most alloys is very much 
greater than the mean of the metals composing them. Indeed, a sin- 
gularly small mixture of a foreign metal reduces the resistance of the 
pare metals very largely ; so much so, that in commerce copper can- 
not be obtained which is equal, or even nearly equal, to that of pare 
copper. The figures and constants given in the above tables are only 
^plicable with accuracy to pure metals. In old cables the quality 
sometimes was very bad ; but lately the resistance of cable-copper has 
nsnally been only about ten per cent, more than that of pure copper. 
Table XII. gives the resistance of the copper of various cables at 24° C, 
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also the specific resistance at the same temperature. Although alloys 
cannot be used for cables, owing to their high resistance, they are 
Tery useful in the construction of resistance coils, since not only are 
coils of great resistance made of small bulk by their use, but these coila 
are muoE less altered by a change of temperature than if made of sim- 
plft metals. The tables contain the resistances of the chief alloys now 
m Dse, with the co-efGcieats for temperature corrections. There are 
many points of great practical importance in measuring the resistance 
of conductors, which cannot be hero fully treated of. Thus, all resist- 
ance coils should be wound doable, so that the current may pass both 
va^f round the coil equally ; this prevents self-induction— a disturb- 
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ing element. Care must generally be taken in using the Wheatstone 
balance to connect first the battery at o, (Fig. 1,) and then the galva- 
nometer at p. The battery must be left connected for the shortest pos- 
sible time to aToid heating the wires ; special precautions must be taken 
to avoid resistances at connections, which are often considerable. The 
resistance of the wires composing the balance should not differ too 
greatly from that to be measured ; short wire galvanometers answer 
best for short wires ; long wire galvanometers for long wires ;— one cell 
of large surface generally gives better results than large batteries. 
The temperature of the wire to be measured, and that of the resistance 
coils, should be accurately observed. These and many other points 
could only be fully developed in a treatise on testing. Practically, 
the copper of a cable is tested before it is used, to ascertain whether 
its quality is equal to that specified. When a knot of wire is covered 
it is again tested for resistance, to ensure that the proper quantity and 
quality of wire has been used ; finally, after the cable is covered, the 
resistance test serves to check the length of the cable in circuit, to 
ensure that the conductor is at no point interrupted, and that the tem- 
perature in the tank is not higher than it should be. 

( To be continued. ) 



For the Joarnal of the Frmnklin Institute. 

METHOD OF FRAMING A DOUBLE BATTERED POST. 

Bt Alfbsd p. Bolleb, G. E. 

Among the many interesting details of framing to be met with in 
carpentry, that of framing a post into a sill, so that the post will bat- 
ter in two directions, is perhaps the most difficult, and but few carpen- 
ters are able to do it. The accompanying plate gives all lines that 
are required to scribe out such a piece of work, and can readily be 
understood. Fig. 1 shows an isometrical view of the foot of a post 
with its tenon, and Fig. 2 the ordinary mortise in the sill to which it 
IB to be attached. Figs. 8, 4, 5 and 6 represent all four sides of the 
post, and for convenience of illustration, is drawn to a scale of one- 
twelfth its real sixe, the batter being one inch to the foot. The con* 
Btmction is as follows: Starting from the comer one, Fig. 8, (corres- 
ponding to the comer 8, Fig. 1,) draw 1-2 an inch from the Tertical, 
making the tenon perpendicular to it. This gives the face a. The face 
b is formed by projecting 2 to 8, and drawing 3-4 an additional inch 
ftom the verticaly and the tenon parallel to this new line. The point 4 
two ineheefiroml, and is Imlf-way around the post. Now batter 
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Mch of tlie retDsining two faces in a reverse direcUon, until the point 
8 is reached, which coinci,des with the starting point 1. We hare thas 
traveled aronnd, as it were, each face of the post, and scribed out the 
ahoolders of the tenon. 




g<]Wt at iht mmmiittt n ^titwt and tUt ^vt«, caixsiitaUS b]} 
m itmmn M^mme, on m Sarrtjon J^temn ^Diltt. 

Imtkkted by JoBxrn HASSiaON, Jr., PhilBdelphia, Pa. 

Thb Committee to whom was referred the examination of the " Har- 
rison Boiler," report that, on Tuesday, October SOth, they visited the 
foundry of Mr. Joseph Harrison, Jr., Philadelphia, and had an oppor- 
tunity of inspecting the boilers in rarioos stages of manafactnre, and 
of Beeing several in operation. 

Ezperimenta were tried to prove the strength and durability of the 
boiler nnder_ extraordinarily severe use. 
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The boilers are of cast iron, formed of a combination of hollow 
spheres each eight inches diameter externally, and three-eights of an 
inch thick, connected by carved necks three and a quarter inches 
diameter. These spheres are held together by wrought iron bolts, 
and in one direction are cast in sets of two or four, with opposite 
lateral openings to each sphere, and are called by the inventor two 
or four-ball units, as the case may be. 

He assumes that the boiler, in its smallest form, may be considered 
as one of these balls, with its opposite lateral openings closed by caps 
held in place by bolts. Two balls united by a neck, with caps over 
the four lateral openings, in the same manner would also make a boiler 
of a larger size. Four balls so united in one casting, would be a still 
larger boiler, and that any number of these balls or spheres may be 
united by bolts passing through them so as to form large boilers, and 
the strength of the boilers so made will be the strength of the weakest 
sphere or ball in the structure. 

In manufacturing the boiler for ordinary use, a number of these units 
are generally so arranged as to form sections twelve and thirteen balls 
long, six balls wide, as shown by the annexed sketch A. These sections 
are all tested by hydrostatic pressure as high as three hundred pounds 
per square inch, before being delivered to purchasers. The Committee 
saw one of these sections subjected to a bursting pressure of water, 
one sphere bursting when the pressure had reached six hundred pounds 
per square inch. A second one, tested in the same manner, burst at six 
hundred and twenty-five pounds. They were shown a section in which 
one unit had burst at nine hundred pounds per square inch, the dam- 
age having been repaired by the insertion of a new unit. The section 
then stood eleven hundred pounds per square inch before bursting in 
a new place. The available strength of the section in all cases being 
the strength of the weakest unit in it, the inventor holds that the 
boiler is safer than any other in use ; in fact, considers it entire!] 
free from any danger of disastrous explosion. To prove which, hi 
had a section equal to six horse-power, similar to the one tested bj 
hydrostatic pressure, and such as he is regularly selling, placed in an 
extemporary furnace built in a clay-bank, and set in the usual mannei 
for a boiler of this kind. 

The boiler was filled with water to the regular height, say about 

two-thirds full, with no outlet or safety-valve of any kind, and sealed «p 

tight, a small tube leading from the upper ball to a high pressure-gauge, 

placed Bt a saie distance, about two hundred feet, from the boiler. A fire 
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was made ander and aronnd the boiler, vith tbo fuel of dry pine vood. 
The wind was ver; high at the time of the experiment, bloving from 
the west directly into the furnace, thus fanning the flames to an is- 
tenae heat. 

The gauge soon gave indication of the formation of steam, the prcs- 
Bure steadily increasing up to four hundred and fifty pounds to the 
Mjoare inch. 




At this pressure there seemed to be a sndden discharge of steam, as 
from a small opening. The discharge didnot continue for many seconds, 
mud the Committee are not certain that it proceeded from the boiler; 
there may have been some water discharged from the bank of wet 
earth into the fire. The pressure then increased at an uniform rate 
nntU it had reached the enormous strain of eight hundred and seventy- 
fire pounds per square inch, when a sudden discharge of steam took 
place, seemingly no greater in volnme than might issue from a eafety- 
Talre of two and a half inches diameter, or even less; after which 
the preBsnre fell to fonr hundred and fifty pounds, at which it stood 
when the fire waa drawo for examination. While this boiler washein^ 
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uncovered for examination, a boiler of about twelve horsie-power, con« 
sisting of two sections, similar to the ones previously experimented 
upon, was fired, and steam raised to one hundred and twenty-five pounds 
pressure. This boiler had no safety-valve, but was provided with a 
globe-valve of one inch capacity or area, as an escape- valve to regulate 
the pressure in the boiler. When the Committee examined this boiler 
at time of firing, it had two full gauges of water. The escape* valve 
was opened so as to reduce the pressure to one hundred pounds per 
square inch, and regulated from time to time to keep the pressure uni- 
form at this point. The fire was pushed and no more water injected 
into the boiler. In due time the lowest gauge-cock gave no indication 
of water. Soon afterwards a slight leak was observed in one joint oi 
the left-hand section. This closed in a few minutes, and one opened in 
a similar manner in the right-hand section ; this also closed in a shori 
time. No other leaks showed themselves during the experiment. Aa 
the water boiled away the soot began to burn ofi* the upper balls of th( 
sections, that is, ^S those of the upper balls of the lowest row, visible^ 
through a peep-door above the fire-door provided for inspection. The 
boiler then gradually became red-hot, and even when all the watei 
seemed to be exhausted, and the pressure slowly fell, the gauge stooi 
for some minutes at thirty pounds, as if from the vaporization of somt 
water in the lower courses of the sections, showing that in this red- 
hot condition the boiler was tight enough to hold pressure. After the 
fire had been drawn, and the boiler cooled, the bolts holding the units- 
together were found to be loose, as if stretched by the unusual heatinj 
of the cast iron surrounding them. During the time of the experiment 
with low water, the escape-cock was many times closed to increase th< 

pressure, then opened quickly to reduce it to the one hundred pound -^ 

standard, but with no deleterious result. When the gauge stood 
thirty pounds, all of the boiler visible from the peep-door and fir< 
doors, down to the bridge-wall of the furnace, was at a bright red heal 
This was unmistakable, as when the fire was drawn, the boiler waa 
enough to ignite w^ood held against it. 

November IS^/t, 1866. — ^At four o'clock, P.M., the Committeo meW 
at the factory. J. Agnew and J. C. Cresson, present. They exam--' 
ined the boilers tested at the former meeting. The boiler which had* 
been subjected to its own steam-pressure of eight hundred andBeventy— * 
five pounds per square inch had been removed to the factory for ex-» 
4mination. Mr. Harrison's foreman stated that when the boiler wa9 J 
first dragged from the fire, after its water had been foroed out, (as J 
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[etailed in the account of the experiment, the three lower holts were 
Qite slack, but the next morning, when it had become cold, one of 
bem was again tight. The other two were not quite tight, but were 
len screwed up about one turn of the nuts. The Committee are con- 
rmed in their belief that in this extreme test, the pressure at eight 
undred and seventy-fiye pounds was enough to stretch some of the 
olta, that the joints opened as safety-valves, and thus relieved the 
train on the boiler. 

The boiler which, in former experiments, had had all its water boiled 
at, and had then been heated to bright redness, was found to be quite 
land and fit for use, making steam freely and showing no leak, blow- 
%g off at sixty-five pounds by safety-valve. It was somewhat disfig- 
red on its outside by oxidation. Your Committee was informed that 
i had not been changed or repaired since the trial, but that some of 
le bolts had been screwed up. 

A third boiler of the same size as the above, twelve horse-power, 
ms then tested in the following manner: After being filled with 
mter to the upper water-line, it was fired until pressure was raised to 
inetj pounds, at which it was bio wing-off freely. The water was then 
II blown out by the blow-off cock, the pressure falling to sixty pounds 
hile blowing-off, at which it stood until steam reached the blow-off 
ipe, when the pressure fell to zero. It was kept empty for three 
inntes, with the fire still burning, and was then rapidly filled with 
»ld water, and steam raised to one hundred pounds pressure in thirty 
linntes, blowing off at one hundred pounds, and was quite sound and 
ghU 

The Committee was informed by one of its members, who was a 
itness of^ and cognizant of, all the facts, that at the establishment of 
Ir. Wm. Sellers & Co., of this city, a boiler of this kind has been in 
se for about two years. During some experiments in testing the 
i^iffard Injectors made by that firm, a workman inadvertently loosened 

eonnection to the water supply-pipe, resulting in the pipe blowing 
nil open, discharging the water from the boiler as fast as a two-inch 
iameter opening would allow, the men in the boiler-room barely es- 
aping with their lives. As soon as all the water had blown off, and 
ocess could be had to the boilers, the fires were drawn and cold water 
sn in as fast as possible, and in about thirty minutes, the steam was 
igli enough to run the engine, with no seeming injury to the boilers. 

The Committee mention this as an accidental experiment, similar to 
lie one above reported. The same boiler is still in use, and seemingly 
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as good as when first erected. It is, however, the first one erected ia 
this country from units made in England, and is not so good as those 
made since then. On Saturday, November 17th, Mr. Harrison re- 
peated an experiment in the presence of a part of the Committee^ 
Messrs. Agnew, Morton and Sellers, which experiment he stated hmdL 
been tried twice the day before, and once two days previous, all tho 
experiments being with the same boiler. The experiment, as witneased, 
was as follows: 

The boiler which had been under experiment November IStli was 
fired up, and steam raised to one hundred and ten pounds. The fire 
was active, — what might be called a very clear fire, — and in good con- 
dition to make steam freely. It had been kept up sufficiently long to 
thoroughly heat all the furnace walls. Steam was blowing-off freely 
from the safety-valve. At a given signal the blow-off cock was opened 
suddenly, blowing off all the water until the pressure had fallen to 
zero, and neither steam nor water was escaping from the blow-off cock. 
In fact, it is believed the boiler was entirely dry. The blow-off cock 
was then closed, and cold water from a well pumped rapidly into the 
hot boiler, for it was at all times exposed to the active fire. As the 
water entered the boiler, the pressure as per gauge rose slowly daring 
an interval of about three minutes, when it is supposed the water-level 
had reached the more heated portion of the boiler above the bridge- 
wall of tho furnace, for the pressure seemed instantly to increase to 
one hundred and ten pounds, and steam blew freely from the safety- 
valve. 

This pressure and escape of steam continued for some minutes with 
no variation, when suddenly an escape of steam was evident from the 
boiler into the furnace, and upon opening the peep-hole door a jet of 
water was seen issuing from one of the joints. This leak, in less than 
a minute, suddenly stopped ; then, as the water rose in the boiler, a 
similar sudden leak and sudden stoppage occurred at the next higher 
joint; again, at a third one, when, by that time, the water was show- 
ing itself at the lower gauge-cock soon afterwards at the second one, 
when the pump was stopped, at which time the pressure stood at one 
hundred and ten pounds, steam blowing off freely from the safety-valve. 
The fire was as active as when the experiment began, and the boiler 
perfectly tight. This experiment, as before remarked, had been re- 
peated three times previous to the one witnessed by the Committee, 
and Mr. Harrison's account of the previous experiments, given to your 
Committee, agreed in every respect with the facts as seen by then. 
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Thifl is as severe a test as any boiler is ever accidentally caused to 
flustain, and is, in fact, the one most likely to occur from carelessness. 
It is also testing practically the favorite theory to account for explo- 
sions. During the experiments, the employees of Mr. Harrison seemed 
quite fearless in their manipulation of the boilers, showing a confidence 
io their safety truly remarkable. With the exception of the single 
'boiler sealed up and submitted to the extreme pressure of eight hun- 
dred and seventy-five pounds to the square inch, M the experiments 
*were tried within the building in which the boilers are made, and any 
explosion would have resulted in serious loss of property if not of life. 
Had any ordinary wrought iron boiler, made in the simplest form, 
and of the best material, been submittted to these same tests, it would 
have probably been destroyed by any one of them. Regarding the 
liability to accumulation of sedimentary deposit in this kind of boiler, 
we can only say that it is asserted by those who have used them the 
longest, that by occasionally blowing out the water under a full head 
of steam, then allowing the empty boiler to be moderately heated by 
the hot furnace, filling up with water and rinsing out, the scale be- 
comes detached and rushes out at the blow-off cock. 

The Committee have carefully inspected the manner of making these 
boilers as practiced by Mr. Harrison, and find the greatest care is 
taken to insure perfection of workmanship ; but, at the same time, it 
is eminently noteworthy that the peculiarities of the boiler, and its 
mode of manufacture, are such as to enable a high degree of mechani- 
cal excellence to be obtained by mechanical devices, apart from the 
workman's skill. Thus, in the process of casting, taking as an exam- 
ple a four-ball unit, the four eight-inch spheres united by necks three 
and a quarter inches diameter, internally, have on each ball two op- 
posite lateral openings, three and a quarter inches diameter, thus 
making in all, eight openings to four balls. The patterns are all of 
east iron, parted lengthwise through the centre of the unit, by a plane 
at right angles to the lateral openings, these serving as supports to 
the green sand pore which is moulded within the pattern itself, and 
not in a separate core-box, thus insuring absolute uniformity to the 
thickness of the metal, and offering a more yielding core to the con- 
tracting metal than in the case of dry-sand moulding. The lateral 
necks which are to serve as joints in combining the units into the 
boiler structure, are faced off by machinery of the most ingenious kind, 
so arranged as to insure neat accuracy in the surface, the joints on 
one side having depressions to match projecting tongues on the other, 

Vol. LIIL 10 
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these tongues serring with the longitudinal bolts to hold the units in 
position. One of the most thorough descriptions of this kind of boiler 
is the report of a paper read by Mr. Zera Colburn before the Institute 
of Mechanical Engineers in 1864, an abstract of which can be found 
in Engineering FaeU and Figure%y by A. Betts Brown, for 1864. He 
shows, that although the tensile strength of cast iron is not so great 
as wrought iron, yet the spherical form of each unit of the boiler gives 
it an equivalent strength. He says : ^^ The strength of a hollow sphere 
to resist internal pressure, is exactly twice that of a hollow cylinder 
of the same diameter, material and thickness, and it can be shown 
that even a cast iron sphere, seven feet in diameter and seven-six- 
teenths of an inch thick, is as strong as the shell of a Cornish boiler 
of the same dimensions." ^* The plane in which rupture, if it happen at 
all, will take place in a hollow sphere, is the largest plane that can be 
drawn through it, and the metal resisting the strain tending to cause 
rupture is the whole section of metal bounding the plane." ** In a hol- 
low cylinder, the area upon which the greatest pressure tending to cause 
rupture will be exerted, is that represented by the product of the length 
into the ^ diameter of the cylinder.' " The ends of such a cylinder add 
nothing to the strength of the cylindrical part, in case of a rupture 
beginning at the cylindrical part.* The spherical form of each part 
of this boiler is one of its marked advantages, not only so far as strength 
is concerned, but as enabling a much larger amount of surface to be 
exposed to the fire than in any form of combined cylinder. To the 
spherical form with the curved necks, has been ascribed by the inventor 
the property, which this boiler is asserted as having to cast its scale 
when emptied of water, as there is no seeming abutment for the arch 
of the crystallised scale to spring from. The value of cast iron, so 
far as durability is concerned, has long been conceded. The purer the 
iron the more readily does it corrode, while the mixture of even a 
small amount of carbon increases its ability to resist corrosion. Wrought 
iron water-pipe under ground soon rusts out. Cast iron, even of the 
same thickness, remains good after many years' use.; in fact, is con- 
sidered practically to suffer no deterioration. Wrought iron in boilers 
decays internally — ^the most rapidly where moisture and air both ope- 
rate, as in the upper side of mud-drums, while they are often eaten 



* The metal effectively resisting the rapture in the cylinder, being only the length 
of the cylinder. Thus, by comparison, Mr. Colburn arrives at his conduaion as to 
the relative strength of the two forms. — (See Engineering FmcU and FigureM, 1S64, 
pages 12 and 18.) 
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through from the outside by trifling leaks, and the constant trickle of 
w»ter over the surface. Wrought iron boilers are, according to the 
experiments of Fairbairn and others, so much weakened by the pro- 
cess of riveting &c., as to suffer a deterioration of about forty per 
cent. The Harrison boiler is made of pieces of as uniform strength 
fts possible, united in a systematic manner. The uniting the units or 
pieces into mass does not diminish their strength. In case of accident 
to any part of the boiler the damaged part may be removed, and in- 
stead of being repaired, as is done with other wrought iron boilers, 
new parts may be substituted, just as bricks may be taken out and new 
ones replaced in a building. The patching of a damaged wrought iron 
boiler makes it weaker. The renewal of any part of the Harrison 
boiler gives it its original strength. 

The experiments heretofore described, have been conducted to deter- 
mine the safety and durability of the boiler under unusual and severe 
usage, or rather to determine whether any danger can result from 
submitting this kind of boiler to those circumstances which, in ordi- 
nary wrought iron boilers, are thought to result in explosions, or great 
injury to the boiler. 

The Committee are impressed with the great utility of the boiler, 
as one perfectly safe and free from all danger of explosion even when 
carelessly used. This recommendation alone, in a humanitarian point 
of view, must strongly commend it to public favor. During the ex- 
periments, its steam-making qualities were favorably noticed, and such 
boilers in actual use as your Committee have had an opportunity to 
examine, seem to give satisfaction in point of economy ; but in the ab- 
sence of all experiments in this direction, conducted under their imme- 
diate supervision, they do not feel qualified to report in figures as to 
its steam-making efficiency. 

Comparing cast iron plates with wrought iron ones of the same thick- 
ness, the transmission of heat is known to be in favor of the former; 
hence the material, if in a safe form, is better adapted to economical 
steam-making, than wrought iron. Ordinary boiler plate is seldom 
less than one-fourth of an inch thick, and more commonly three-eighths, 
particularly for high pressure. The castings used in the experiments 
for safety, were not over three-eighths of an inch thick, and in one 
boiler set up in a form adapting it to marine purposes, some of the 
units were only three-sixteenths of an inch thick, and were worked suc- 
cessfully at one hundred pounds pressure, driving all the machinery in 
Mr. Harrison's factory in an efficient manner. The principle of en- 
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Urgement of the boiler by addition of units, and the fact that it can be 
constructed in anj shape or style, just as various kinds of buildings 
are constructed of ordinary bricks, places it in the power of the engi- 
neer to adapt it in its form to the requirements of each particular case; 
so that with the known advantage of the use of cast iron, and the un- 
limited scope in the arrangement of heat-absorbing surface, coupled 
with the demonstrated fact of safety, your Committee unhesitatingly 
approve and heartily recommend it to public favor. 

Subcommittee appointed to make the examination : Coleman Sel- 
lers, Chairman; John Agnew, John F. Frazer, Henry Morton, J. C. 
Cresson. 



(^ranMin Jnstilutu- 

Proceediagi of llM stated MoatUy MMiag, DMOiLbar 19UI, isee. 

The meeting was called to order with the President, Mr. William 
Sellers, in the chair. 

The minutes of the last meeting were read and approved. 

The Board of Managers reported their minutes, and that, at their 
meeting held on the 19th inst., donations were received from the 
Royal Astronomical Society and the Society of Arts, London, and from 
the United States Sanitary Commission. They also reported the Trea- 
surer's annual statement for the year 1866. 

The Annual Beport of the President of the Institute was then read 
as follows : 



president's report. 



In compliance with the third section of Article XIY. of the By-laws 
of the Institute, the Board of Managers present the following report 
concerning the operations of the Institute during the year 18^6, and 
its general condition at the present time. 

The very extensive improvements noticed in the last report, and 
which were at that time approaching completion, have now been en- 
tirely finished, and have, during a year's use, shown themselves to be 
of a very satisfactory character. 

The lecture-room, as modified, in accordance with the requirements 
of modem science and the plans adopted by the Board^ has been found 
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exceedingly eonyenient, both for the meetings of the Institute and for 
"the Yarioos courses of lectures which have been delivered before that 
body. 

In the latter respect, however, it has been found wanting, not in con- 
venience and fitness of arrangement, but in adequacy of accommodation 
for the large audiences drawn together by that increased interest in 
the Institute and its objects, which has of late been exhibited in so 
gratifying a degree. In this respect, indeed, the indications seem to 
point to the propriety of seeking enlarged accommodations and in- 
creased facilities for developing the usefulness of this Institution. 

With respect to the Library and Reading-room, the improvements 
above mentioned and before described have been found of great value, 
facilitating the use of both, by the members of the Institute andstrangers 
visiting the city, as evidenced by the enlarged occupation of the lat- 
ter, and reference to the former. 

The Library has undergone a general re-arrangement, and cata- 
loguing, now nearly completed, by which its usefulness is decidedly in- 
creased, as well as by the addition of many new and valuable works. 

The number of members of the Institute has been largely increased 
during the last year, as will be seen from the following statement: 

Total number of members in 1865 1488 

Elected in 1866 142 

Stockholders added 1866 20 

162 
Besignations , 60 

Deaths 17—67— 96 

1 

1628 

The account of the Treasurer, which is herewith submitted, also 
BhowB a satisfactory condition of the finances, and wo may confidently 
look for an increased prosperity to the Institute, should the co-opera- 
tion and support it so well deserves from all interested in the Mechanic 
Arts be continued and enlarged. 

Balance in Treasury, January 1st., 1866 f 1,002 62 

Beoeipts during the year 14,888 14 

$16,886 76 
Payments 12,698 01 

Leaving a balance in the Treasury $2,787 76 

The indebtedness of the Institute ii 
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Amount of five per cent, loan ^ $11,600 00 

Interest duo thereon 3,868 75 

Temporary loan 2,500 00 

$17,963 75 

The various Standing Committees reported their minutes. 

Tho Special Committee on Experiments in Steam Expansion re- 
ported progress. 

No report haying been made by the Committee on General Totten's 
letter, with regard to tho establishment of a Government Bureau of 
Mechanical Examination and Experiment, it was, on motion of Frede- 
rick Fraley, Esq., 

Resolvedy That this Committee be directed to report at tbe next 
meeting, being subject to discharge according to Section 8 of Article 
X. of the By-laws. 

The Special Committee appointed to collect materials with relation 
to the history of the Institute, reported progress. 

The paper announced for the evening (On Steam Boilers, by Joseph 
Harrison, Jr.) was then read. (An abstract of this paper will be 
found in this Journal, beginning with page 131 of the present number.) 

At the conclusion of Mr. Harrison's paper, the President expressed 
to Mr. Harrison the thanks of the Institute; after which the Judges 
of Election reported the result of the ballot as follows: 

Officers, Managers and Auditors of the Franklin Institute, elected 
January 16th, 1867 : President, J. Vaughan Merrick ; Vice-Presidents, 
(for three years,) Coleman Sellers; (for one year,) to fill a vacancy, 
George Erety ; Secretary, Henry Morton ; Treasurer, Frederick Fra- 
ley; Managers, (for one year,) to fill a vacancy, Robert E. Rogers, 
M.D.; (for two years,) to. fill a vacancy, Robert Briggs; (for three 
years,) William Sellers, William J. Horstmann, Henry Cartwright, 
Samuel Hart, B. H. Moore, H, G. Morris, W. B. Bement, E. Y. 
Townsend; Auditor, James H. Cresson. 

The Ex-President, Mr. William Sellers, then inducted to the chair 
the new President, Mr. J. V. Merrick. 

Some remarks on the quadrature of the circle by various new plans 
were then made by Mr. John May, and a paper on the manufacture 
of bricks, ancient and modern, was read by Mr. Bond. 

It was then moved by Mr. Coleman Sellers, that on account of the 
lateness of the hour, the reading of the Secretary's Report be dispensed 
with, which motion was duly carried, and there being no deferred or 
new business for consideration, the meeting was, on motion, adjonmed. 

Henry Morton, Rendent Secretary. 
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DITORIAL 



The interest of the manufacturing part of our community is at 
this time strongly excited by the steps which are being taken, in 
reference to steam-boiler inspection, by our local government. Nor 
id this interest, indeed, confined to a single class, since all who 
inhabit our city, must feel that the question involved, may at any 
moment become a personal and vital one to themselves, should unsafe 
boilers be allowed to run unchallenged until their unsound condition 
is revealed by some fatal catastrophe. 

The committee who have it in charge to frame an ordinance which 
shall regulate the entire department of inspection and its operations, 
have called upon mechanical engineers and men of science, to aid 
them with their advice, 'and have by this time accumulated no small 
mass of wisdom and unwisdom, from various quarters. 

The electrical theory has been broached and advocated, and a 
lightning-rod prescribed as a panacea. The theory of explosive 
gases has found an advocate and expounder, and the committee have 
been taught how to apply an antidote. All forms of indicators and 
tell-tales, have been commended by some and denounced by others ; 

Vol. LHI. 11 
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hydraulic tests have shared the same fate, and on the whole, the most 
prominent idea in the minds of the Law Committee by this time, we 
suspect, must be, " who shall decide where doctors disagree V* 

Under these conditions, we think that all will approve the course of 
the Franklin Institute, in arranging to hold special meetings for the 
purpose of discussing the proposed city ordinance, and then; when 
the best wisdom of its eminent and respected engineers shall have 
been by this means combined, digested and consolidated, to submit 
the same, with all the weight which such a combination must possess, 
to the consideration, of the Law Committee and of Councils. 

Such services as those thus proposed, come peculiarly well from 
the Institute, for it was this body which in 1835-36 furnished to the 
Senate of the United States the draft of a bill which was duly 
enacted, and became the law governing the inspection of the boilers 
and engines of vessels propelled by steam. 

The investigations which were made at that time by the Institute, 
and which were embodied in the Reports on Steam-boiler Explosions 
and on the Strength of the Material for Steam-boilers, (published in 
the volumes of this Journal for the years 1836 and 1837,) are widely 
known, and may be studied with advantage at the present time. 

A committee of the Institute is moreover, now engaged, in concert 
with the oflScers appointed by the government, and a committee of 
the American Academy, in the prosecution of elaborate and import- 
ant experiments on steam-expansion. 

In connection with the same subject, we would call attention to the 
article on Overheated Steam-boilers, published in our issue of last 
month, and to the following quotation from an abstract of the report 
presented by the Chief Engineer of the Manchester Boiler Associa- 
tion, at a late meeting, which we find in the London Mechanics* 
Magazine for January 4th, just received. This is merely one, among 
a thousand daily recurring evidences of the necessity which exists 
for thorough inspection of steam-boilers, and we quote it, not because 
of its special individual importance, but because it shows how, at this — 
time, explosions are actually being prevented by proper care. 

^^ The case of fracture above alluded to is, perhaps, one more preg — 
nant with danger than any before met with in the inspections of thi» 
association. It was found in one of three boilers, all of which wer6» 
about seven feet six inches in diameter, connected together, and 
worked at a pressure of nearly sixty pounds on the square inch* 
The defect consisted of a orack, which ran from rivet-bole to rivet- 
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liole of the inner overlap of the plate, at a longitudinal seam of 
Tivets near to the top of the boiler, the depth of the crack being half 
^he thickness of the plate, while it extended to within a few inches of 
its entire width. Had it developed, as many cracks do, so as to lead 
to the ruptare of the plate, the most serious consequences must have 
Tcsulted. Not only would the shell of the boiler in question have 
l>een torn to pieces, but the adjoining boilers thrown from their seat, 
and possibly exploded from the shock, as has been found to be the 
•case under similar circumstances. The boiler was but about three 
years old, so that it shows that * entire' examinations are important 
even for new boilers." 

In connection with the experiments and reports of the Franklin 
Institute noticed above, we cannot forget the great services rendered 
in the development of both, by Prof. Alexander Dallas Bache, whose 
loss the Institute and his country at large, have now reason to 
deplore. As will be seen from the Report of Proceedings on page 
209, the decease of this eminent man was announced at the last 
meeting of the Institute, and appropriate resolutions were at that 
time duly proposed and adopted. All who on that occasion spoke 
from personal recollection of Prof. Bache, united in their praise of 
his generous appreciation of worth and ability, his indefatigable 
energy in the prosecution of research, his remarkable powers of 
organization and judicious selection of agents, and his genial, sympa- 
thetic and amiable character in all social and professional relations. 



PRACTICAL PHOTO-LITHOGRAPHY. 

OuB readers doubtless remember the very interesting paper read 
before the Franklin Institute by Mr. J. W. Osborne, on the subject 
of Photo-Lithography, and his peculiar process for reproducing 
existing originals. We have recently seen some very fine specimens 
made by Mr. Osborne, in this country, and we believe he has now 
nearly completed his arrangements for conducting the process on a 
large scale, a company having been formed in New York for that 

purpose. 

In this process the original drawing, engraving, pen-sketch or the 
like, is copied by the camera, and reduced or enlarged as may be 
required. From the negative so made, he prepares a peculiar print 
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upon paper, capable of being transferred to tbe lithograpbic stone. 
The integrity of the original is thus insared to the copy. Engineers 
mil find this method of illastrating their works of great value, as 
fac-similes of most valuable drawings can be made with absolute cor- 
rectness, and with no injury to the original. We may be able at no 
very distant day to show in these pages, specimens of Mr. Osborne's 
skill ; for we shall certainly avail ourselves of the advantages of his 
process, at the earliest opportunity. ... 



UNION PACIFIC RAILROAD. 

* 

Wb have seen with pleasure a series of stereoscopic views made by 
Mr. John Carbutt, of 131 Lake Street, Chicago, 111., illustrating the 
excursion to the 100th Meridian, October, 1866. Apart from being 
remarkably well executed pictures, they are of especial interest as a 
record of the progres of this great engineering work. Following the 
series, we can land with the excursionists at Omaha, and with them on 
their western journey visit the indian camps, and see the Pawnee 
Indians, with a back-ground of palace cars. All the shops belonging to 
the road can be seen, and the numbers 222 and 223 show Burnetizing 
works at Omaha. After seeing the group standing at the 100th meri- 
dian, we can next, in 209, see the workmen laying the rails, (two 
miles a day;) and finally, in 208, one looks westward over a level 
country. Standing beyond the last rail we can see the sleepers in 
place, off, far off into the distance, and we can feel that it is ^^ thus 
westward the monarch capital makes its way.*' . . . 



THE CHICAGO LAKE TUNNEL 

• 

Wk have likewise received from Mr. F. Carbutt, of Chicago, two 
stereoscopic pictures of the famous tunnel. One is taken in the inte- 
rior at the shore-end, and shows the vault for some distance with a 
car (such as was used for removal of earth, and carriage of building 
material) standing on the tram-way. Magnesium light has evidently 
been employed to secure this picture. The other view shows the 
^^crib" used for the lake-end of the tunnel, as it appeared before 
launching. Numerous figures, clustered like bees upon the structure, 
give a vivid idea of its enormous size. We see also that this '^ crib'' 

is square, and not eight-sided, as staled ^ome \.m^ %\Tifie by one of our 

contemporarieB. 
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HOW TO SELECT INDIAN INK. 

Indian ink, or Chinese ink, as it is sometimes called, when wanted 
for the purpose of mechanical drawings, is best tested in the following 
manner : 

Rub in a porcelain paint-dish, as usnal, to the required consistency. 
Then, with it, rule a number of lines on a piece of drawing-paper, 
making the lines of various thicknesses, corresponding with the fine and 
shade lines of a drawing. When the lines have dried, brush over them 
with water freely. Good ink will stand the washing and the lines will 
keep sharp and clear; poor ink will run or spread sideways as soon as 
the paper is wetted. The best ink comes from Japan. It is rather 
hard to rub, but to overcome this difficulty use a piece of slate, say one 
and a half inch wide and four inches long, resting one end in the paint- 
disk in which some water has been poured about four or five drops. 
Then rubbing the ink on the slate, close to the water, and washing it 
down into the water, it will soon obtain the required blackness. 



JAM-NUTS AND THEIR OFFICE. 

The remarks of council and questions put to witnesses at the late 
trial, arising from the loosening of a nut and consequent fall of a 
heavy piece of machinery, drew our attention to the general want of 
correct ideas on the subject specified in the above title, and we believe 
a few words of explanation will not be misplaced. 

The office of a jam* nut is, first, to secure in place and take up the play 
in adjusting screws which require to be loosely fitted so as to turn 
readily, and when set require fastening. Second, to keep in place a nut 
on a screw, having no other bearing to secure its position, as in the stud 
or standing bolts of the stuffing-boxes for valve-rod, piston-rod, &c. 
Bat where a nut is already screwed down to a bearing, and jammed 
against a nut-bearing, the addition of a jam-nut is entirely useless, and 
serves only to transfer the binding strain from the first nut to the 
second one, and if there is any play in the threads of the screw or nut, 
the firat one will be relieved of its pressure and will act as a washer 
only between the last nut and the bearing. In tUe ctAe «\Va^^\\A^ 
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an eye-bolt at the top of the cage of a hoisting machine, to \rhich eye- 
bolt the hoisting machine was attached, was secured by a nut which 
drewnt down hard on to a shoulder, but after many years* use the nut 
came oflF and the cage fell down the hatchway. The builders of the 
machinery state that they had screwed up the nut and then riveted 
the bolt over the nut. The nut, however, may have been removed ht 
some time to do some repairs and been replaced without that precau- 
tion. And various theories were advanced to account for its working 
off" — all mere surmises, of course. If the twisting and untwisting of the 
chain gradually unscrewed the nut, a better plan than resorting to jam- 
nut, under the already firmly secured nut, would have been to have 
made a part of the nut, where it passed through the metal square, and 
fitted it into a square hole. The chain could not in that case have 
turned the eye-bolt. • • • 
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Compresfled irood-packlniT for surflice condensers. — On th< 

occasion of a late visit to the Novelty Works in New York, we saw 
among other ingenious and interesting appliances, the articles above 
mentioned, in course of manufacture. In surface-condensers, wher 
the condensing-water passes through small tubes, it is essential tha 
these should be so held in the tube-plate, as to allow lateral motioi 
without loss of tightness in the joint. To gain this end, a machin 
has been made by which wood of the character of seasoned, straight 
grained white pine, being shaped into short tubes, these may be con 
pressed to two-thirds their original thickness. 

This is accomplished by threading the tubes on a conical spindh 
which carries them into a conical die, by which means the walls < 
the tube are compressed as required. These compressed cylindei 
are then placed on the ends of the tubes in the holes of the tub* 
plate, which are sufficiently large to receive them readily. On di 
application of moisture, however, the wood-fibre swells so as to mal 
a perfectly tight joint, which will, however, allow the necessai 
lateral movement to take place. 

A Eienolr sas engine is now in operation in this city, at the e 
tablishment of H. A. Fisher, 415 Arch Street, where it has hm 
put up by Messrs. Canby k Brother, who are the agents for this m 
paratus in Philadelphia. 
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Tlie Hlck9 eaifflne. — We have received from several sources good 
accounts as to the performance of this motor, and propose at an early 
date to give our readers a full illustrated description of its details in 
its present improved and efficient form. At present ve merely pre- 
mise that in this form of engine, all valve-gearing, eccentrics, linka 
for reversing, boxes and many other parts are dispensed with, to tha 
great economy of first cost, maintenance and space occupied. Two 
cylinders and pistons, placed side by side, are so arranged that each 
acts as a valve for its companion. The whole plan is entirely original, 
very ingenious, and seems to prove practically efficient. One of these 
engines has for some time been employed in the establishment of Mr^ 
Joseph Harrison. 

A road locomotlTe built by M. Schinids is in successful opera- 
tion in the vicinity of Zurich, as is stated in a Lausanne paper. 

Wire makiniT, by a continuous process of rolling, is now con- 
ducted on a large scale by Messrs. Johnson &; Nephew at Manchester* 
The iron, in blooms of one hundred and two pounds, is heated in a Sie- 
men's gas furnace, from which it passes directly through a series of 
rollers which are geared so as to give an increasing velocity propor- 
tional to the elongation of the bar, and by this means one end is being 
woand on a reel, finished, while the other is still in the furnace. 

Steel-headed rail. — A compound steel and iron rail has been 
shown to us which was manufactured at the Wyandotte Rolling Mills 
(from Bessemer steel, and iron, manufactured at the same place,) which 
is produced by a peculiar mode of piling, devised by Mr. S. L. Potter, 
superintendent of the above works. The plan employed consists in 
so placing in the furnace a rail pile, containing a bar of Bessemer steel 
five by four inches in section, that the steel receives heat through the 
iron, and thus the true welding heat of both iron and steel is reached 
at the same time, by which means a very perfect weld is secured. 
These rails cost but forty per cent, more than the ordinary iron ones, 
and it is said will outwear those entirely of steel, especially when ex- 
posed to severe cold, while the cost of these last is double that of the 
usual iron rail. We subjoin a record of some tests lately applied to 
these in comparison with a Dor ti zed rail. 

Record of the comparative test of a Dortiied rail with a steel- 
headed rail made at the Wyandotte Rolling Mill, Miefaigan, (B. L. 
Potter's patent.) Test made by Wm. M. Lyon, Esq., of the Sligo 
Iron Works, Pittsburgh. 

A weight of sixteen hundred pounds was allowed to fall four feet 
upon a piece of Dortized rail five feet long; it broke at the first blow. 
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A piece of the steel-headed rail made at Wyandotte, was then put 
under the drop, and subjected to four blows as follows : For the first 
blow, the weight was raised five feet ; for the second, ten feet. The 
rail was then turned over, and received the third blow with a fall of 
fifteen feet, and the fourth blow, with a fall of twenty feet, bent the 
rail almost double. The rail was then taken to the steam hammer whose 
weight was eight thousand eight hundred pounds, and received ten or 
twelve blows. When the bar was nearly straightened out, it broke, 
but the iron and steel remained perfectly welded together. One of 
these pieces was then subjected to one hundred blows from the eight 
^thousand eight hundred pound hammer on the head of the rail, as fol- 
lows : Fifty blows at two feet fall, and fifty at three feet fall. This 
crushed the rail without breaking the weld of the iron and steel. The 
above tests were made March 1st. 

Tlie borlnir of larire cylinders is conducted at the Novelty Works 
in a very simple and ingenious manner. All framing (which in this 
case would be very bulky, costly and cumbrous) is dispensed with, 
and the cylinder to be bored, is pressed into service, as frame and 
support for the tool which is to finish it. The cylinder, in fact, being 
firmly secured in an upright position, on a bed-plate which has a 
central bearing for the boring shaft, this last is lowered into it, and 
secured by proper adjustments to the upper edge, whereupon the 
boring machine is complete. 

ImproTement In pumps. — ^At the last meeting of the Institute, 
there was exhibited an improved form of pump, invented by Mr. 
Robert Cornelius, and very efficient in dealing with mingled compres- 
sible and incompressible fluids, such as the water and gas found in 
oil wells. The prominent feature in this plan is, that when the piston 
reaches the upper end of its stroke, it opens or exposes a communi- 
cation between the spaces above and below it. If, therefore, gas has 
been drawn in from below, and there is water in the pipe above, the 
two exchange places by reason of their different densities, and the 
gas is driven out instead of cushioning under the piston and render, 
ing its motion ineffective, as is otherwise the case. These pomps 
have been of great service in the oil wells, but their range of appli- 
cation is by no means restricted to this field. 

Tlie Iballnff of mercury sauires may be prevented by intro^ 
ducing a few drops of glycerine in the tube, on top of the merearj^ 
The glycerine by its superior adhesion, lubricates the glass and keep0 
the mercury from contact with it. 
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(Continued from page 107.) 

THE NEW YORK "CENTRAL PARK." 

By "William H. Grai^t, Superintending Engineer. 

To THE public, or rather to what we are fain to consider a small 
and ungracious part of it, we would simply say, do not do yourselves 
injustice by failing to open your eyes to the progress around you, to 
the advances, capabilities and true merits of the profession. In what- 
ever department or function that pertains to it, judge of it by the 
rule that applies to all professions and vocations, without antiquated 
prejudices ; investigate its failures and shortcomings, if such run more 
in your mind than its successes, be well assured of their causes, and 
determine whether they are inherent or hereditary, or accidental and 
exceptional. If you have need of a physician, you look for one who 
has had opportunities of perfecting himself in the healing art, and 
has Availed himself of them in theory and practice ; — so with the en- 
gineer ; inquire into the groundwork upon which he builds, see whether 
he has employed the means that have given success to others ; make 
yonrselves somewhat acquainted with his profession, (you have not 
neglected this in the case of the physician ;) what are its legitimate 
daties and scope ; is it probable the engineer will succeed better in 
doing what his education and practice have fitted him to do than an- 
other person who has not had such education and practice ; has he 
BQCceeded or failed in what he has attempted to do, on whatever scale 
it may be ? &c. By this sensible mode of reasoning, which you are 
doubtless accustomed to in ordinary aflFairs, you will be able to arrive 
at a safe and practical conclusion. 

The ancient Romans were the most notable road-makers of whom we 
have any account. They made their roads on a liberal scale, both as 
to mode and extent, and with unstinted labor and cost, and, con- 
sidering the main object they seem to have had in view — indestructi- 
bility rather than convenience, — they were made with greUt skill. 
Their plan was copied from the most indestructible form of nature^ — 
the solid rock, and with their imperial ideas and imperial power, it 
was carried out by following the closest imitation practicable. Rocks 
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were detached from the quarry in masses that could be transported, 
hewn into proper shape and replaced together closely joined, to form 
the superstructure of the road, a foundation having been previously 
prepared, with great pains, to receive and support the material. The 
rigid and unyielding surface was made sufficiently smooth for use, and 
the Roman ideal was attained of a work that was imperishable. 

Samples that are still extant show how thorough was the workman- 
ship, and how well the builders understood their art ; the broad blocks 
of stone show evidence of long service in the groove-marks of carriage 
wheels that passed over them two thousand years ago, but in other 
respects no change has apparently taken place since the work was 
constructed. One peculiarity of the Roman roads, besides their solidity, 
was their general straightness, no ordinary obstacle being permitted 
to turn them from their direction and cause sinuosities. Ascents, de- 
scents and declivities, far more objectionable, were secondary to this 
principle. ^^ This has been attributed to an imperfect knowledge of 
mechanics, for the Romans do not appear to have been acquainted 
with the movable joint in wheel carriages. The carriage body rested 
solidly upon the axles, which, in four-wheeled vehicles, were rigidly 
parallel with each other. Being unable readily to turn a bend in the 
road, it has been concluded that for this reason all their great high- 
ways were constructed in as straight lines as possible. *''*' 

No improvement appears to have been made upon the Roman plan 
until within the last one or two hundred years; the art seems to have 
retrograded even, rather than to have stood still, for a long time after 
the Roman era. The progress was extremely slow when it commenced, 
the principal advances being found almost within the present century. 
It has been said by a modern writer, that the roads of a country 
or a community are a correct index of the degree of civilization pre- 
vailing with the people, and this idea is well illustrated in recurring 
to the long interval in the past during which no progress was made in 
the art of road-making. 

In England, as late as the reign of Queen Elizabeth, the state of 
the roads was such that traveling was done throughout the kingdom 
principally on horseback, by horse-litters and on foot. Coaches are 
said to have been first introduced into England during that reign. 
The mode of making roads, up to that time, was but a poor imitation 
of the old Roman mode. The remains of the old Roman colonial 
works still existed in many places, and were probably the best portions 

* 8mile»— />tvea of the Etufinurs. 
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of the roads in use. It had become so difficult to maintain the more 
modern roads that they were, from time to time, abandoned for new 
tracks that were opened through fields and across lots, (as is the case 
sometimes in this country, with roads that are temporarily obstructed 
by snow in winter.) Roads that had long been in use were, in some 
places, so worn down into the soil, by neglect and the action of rains, 
as to form trenches or chasms thirty to forty feet deep, which gave rise 
to local names, as Holloway, and the like. The streets of London were 
no better than the roads of the country, a filthy stream being permitted 
to flow through a roughly paved gutter in the middle of the street, 
improTed carriage ways and flagged sidewalks, as now in use, being 
then unknown. The transportation of the country was done by pack- 
horses, with panniers, going in droves, in double or single file, clam- 
bering over all sorts of ground that would be considered, at this day, 
impassable. Notwithstanding these difficulties, the introduction of an 
improved class of roads and stage-coaches met with much popular 
opposition. Long after the introduction of stage-coaches the roads 
continued to be so bad as to nearly prohibit their use. A writer of 
the time, who had made a journey to London by coach, says : " This 
traval hath soe indisposed me yt I am resolved never to ride up againe 
in ye coatch." Coach traveling was not only a great hardship, but 
was extremely dangerous, from the numbers of serious accidents and 
misadventures that were reported to have occurred. When these 
things are remembered, it is not to be wondered at that Doctor John- 
son was wont to extol the pleasures of a drive, with a spirited horse 
and an agreeable companion over a fine road, as among the greatest 
enjoyments of life, when such a ezhilirating kind of exercise be- 
came safe and practicable. The Doctor had been obliged to make his 
wedding tour on horseback. 

It may be noted, that among the objections that were urged by the 
opponents of stage-coaches and superior roads, was that which arose 
from a fear of apoplexy, caused by the ^* incredible speed" of six or 
eight miles an hour ; a number of cases were referred to as having 
been produced by this " too great rapidity of motion." The journey 
from Glasgow to London was made, in 1774, by a ^^ flying coach," in 
the space of two weeks. 

Arthur Young says, at a later date, of a road that he had traveled, 
'^ I know not, in the whole range of language, terms sufficiently ex- 
pressive to describe this infernal road. Let me most seriously cau- 
tion aU travelers who may accidentally propose to travel this terrible 



156 CIVIL AND MECHANICAL ENGINEERING. 

coantry, to avoid it as they would the devil ; for a thousand to one 
they break their necks or their limbs by overthrows or breakings- 
down. They will here meet with ruts, which I actually measured, 
four feet deep, and floating with mud, only from a wet summer. What, 
therefore, must it be after a winter ? The only mending it receives 
is tumbling in some loose stones, which serve no other purpose than 
jolting a carriage in the most intolerable manner.'' 

Sidney Smith, at a considerably later date, says, characteristically, 
that " Before the age of stone-breaking, MacAdam, and of railways, it 
took him nine hours in traveling the forty miles between Taunton and 
Bath, during which he suffered between ten and twelve thousand se- 
vere contusions, whilst his clothes were rubbed to pieces by being 
jolted about in the stage-coach busket, which was without springs." 
" Whatever miseries I suffered,*' he adds, *' there was no post to whisk 
my complaints, for a single penny, to the remotest corners of the em- 
pire ; and yet, in spite of all these privations, I lived on quietly, and 
am now ashamed that I was not more discontented, and utterly sur- 
prised that all these changes and inventions did not occur two centu- 
ries ago." 

These examples of the condition of the English roads are taken 
from the work before referred to, by an English writer. They will 
suffice to show the great need of a higher civilization — if roads are 
taken as the test — than existed in one of the most advanced states of 
Europe up to the beginning of the present century. 

The same writer gives numerous instances of the state of society, 
that very much strengthen the idea of an intimate relationship be- 
tween superior roads and superior intelligence and refinement. 

It would be unjust to omit a reference to his subsequent interesting- 
description of the progress and improvements that followed, after this 
period, in English road-making. The prejudices against the innova- 
tions of stage-coaches and other vehicles, and roads adapted to their 
use, gradually wore away, and with the growing desire and necessity 
for improvement, the work at length was taken hold of in earnest, 
and put in the hands of a class of men who were equal to the task 
demanded. The fullness of time had in fact arrived, when a new era^ 
was about to be inaugurated, which was not only to make advances* 
upon the old Roman ideas of road-making, but was to renovate, in lu 
more enlarged sense, the ways of the world ; perfecting old arts and. 
developing new ones; enlarging the scope of human thought anA 
action, and expanding the field of human enterprise to an extent never' 
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before dreamed of. The next seventy-five years was to represent, in 
progress, many preceding centuries. It was thought singular, as far 
)ack as 1768, that the engineer, Smeaton, should give his attention 
o the subject of road-making, as, from the low state of the art, it was 
considered a condescension, and derogatory to an engineer to devote 
lis time to the business. But this prejudice was soon to pass away. 
The successors of Smeaton — Brindley, Ronnie, Telford and others, 
nost distinguished in the profession — entered upon the duties, in the 
employ of the government and of incorporated bodies, and brought 
;heir highest skill and qualifications into the service. Between 1784 
ind 1792, three hundred acts of Parliament were passed, authorizing 
the construction of roads and bridges, and within the space of a few 
^ears these engineers surveyed and executed a well-planned system 
of roads and bridges over several parts of the kingdom. John Rennie, 
n Scotch engineer, was among the most prominent in the construction 
of bridges. Among his works of this kind are the Waterloo, South- 
wark and New London bridges over the Thames, besides many others, 
in England and Scotland. The New London bridge was designed by 
him, but completed by his son, Sir John Rennie. For his success in 
the design and construction of Waterloo bridge in particular, the elder 
Rennie was offered the honor of knighthood, but declined it. He was the 
Srst to adopt the method of breaking up stones into small pieces, to 
brm the surface of roads, which came into extensive use afterwards 
inder the general name of MacAdam roads. He seems to have 
daimed no special merit for the invention, and the public were misled 
nto awarding the credit to MacAdam, who did not make such roads 
mtil several years later. It may be remarked here, also, that Rennie 
ras the inventor of hollow walls, as made use of in large structures 
)t masonry to admit of greater breadth of foundation with less weight, 
rhich was subsequently appropriated by another person, (not an 
engineer,) and the invention patented by him. 

In 1803, Telford — also a Scotch engineer — undertook, in the em- 
ploy of the English government, the survey and construction of nine 
iiundred and twenty miles of roads in Scotland, and in connection 
with this work, he built, it is said, no less than twelve hundred bridges, 
many of them large and costly, and they are still among the finest 
specimens of bridge architecture extant. He was employed at this 
about twenty years. So extensive and successful were Telford's 
works of this kind, that he was humorously designated by his friend — 
the poet Southey — as ^' Pontifez Maximus." He continued, later, the 
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construction of roads (upon a superior plan specially designed b; him- 
self, which will be described hereafter, and which has since appropri- 
ately gone by his name) in England and Wales, until the general 
progress and spirit of enterprise which had been engendered in the 
• direction of common roads was abated by the construction of canals, 
and the incipient advances of railways. His greatest work, as an en- 
gineering achievement, is probably the suspension bridge over the 
Straits of Menai, although his roads, harbors and canals were of 
greater general utility. 

England is indebted to no roan more than to Thomas Telford for 
her material prosperity growing out of the multiplicity of public im- 
provements that he executed. The list of the works that he planned 
and carried out, through a long and active life, would fill many 
pages. The engineering profession has had no more able exponent 
His example and works afford a highly profitable study to the 
young engineer. He was self-made, rising from humble origin, and 
encountering many obstacles in early life. It is proper to add, that 
he was honored and appreciated by his government and people, and 
finally found a resting place in Westminster Abbey. 

Telford remarks upon the astonishing effects of the early improve- 
ment of the roads of the country upon the customs, manners and in- 
dustry of the people. ''By these improvements," he says, "the moral 
habits of the great masses of the working classes are changed." " I 
consider these improvements among the greatest blessings ever con- 
ferred on any country." " It has been the means of advancing the 
country at least a century." 

Since his time it has not been held as derogatory to engineers to 
give their attention to road-making, nor has it been found that the 
art was unworthy of some of the best efforts and appliances of engi- 
neering skill. A great deal of time has accordingly been devoted of 
late years to the investigation of the subject, and numerous modes 
and expedients, together with a great variety of materials, have been 
resorted to for the purpose of improving or economizing the construc- 
tion of roads, and much ingenuity and ability have been expended 
and treatises written upon them. It will not be practicable to 
cite here these examples. Such hints and ideas as have been 
culled from them and found available and advantageous, have been 
embodied in the roads of the Park. 

There is no doubt that great improvements are still to be made in 
road-making — in the discovery, perhaps, of new materialSi and in dif- 
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ferent modes of treatment — to produce more agreeable adaptations of 
the surface of roads, and possibly greater economy and facilities of 
constraction, but in the Tarious plans that have hitherto been brought 
into public notice there is nothing to indicate that such improvements 
are likely to occur immediately, or, at least, to be of such a nature as 
to supersede the prevailing practices. The safest course, is believed 
to be, to adhere to plain general principles of construction that have 
been well demonstrated, and to employ the usual materials (of the best 
available quality), such as seem to be naturally provided for the pur- 
pose, to perfect the mode of treatment and details in all practicable 
ways, and to perform the work in a thorough manner. ^ 

The Roman idea of an indestructible road is impracticable ; a road 
that will endure even more than a very few years, it is inexpedient to 
attempt to make at the present day ; for such a road, if it could meet 
the conditions of economy, would not be likely to meet the conditions 
— which are quite as absolute — of ease, convenience and safety. The 
best that can be done, in the way of endurance, is to prepare a foun- 
dation that will remain intact when the superficial material wears 
away, and that will permit the renewal of that material without dis- 
turbance or decay. The efibrts that have been made to construct city 
pavements that would resist the destructive forces and ceaseless abra- 
sion they are subjected to, and obviate the necessity for almost con- 
stant repairs, have generally failed. The Buss pavement, cast iron 
pavement, and other forms that have been tried in the city of New 
York, are instances of this kind. The Russ pavement, composed of 
large blocks of stone, is an imperfect repetition of the old Roman road. 
The present method of paving with small cubes of stone, (called the 
trap block pavement,) if done on a suitably prepared foundation, seems 
to be about as well adapted to all the conditions of the problem — as 
regards city streets and great thoroughfares — as can reasonably be 
expected for some time to come. It is not easy to see how this me- 
thod could be improved (though it doubtless will be) if carried out 
thoronghly and faithfully. The materials are abundant, accessible 
and — as to the stone, from the Palisades — of the best quality, and 
inexhaustible. The foundation can bey and should he, prepared in the 
best manner, so as to give a firm and equable support to the stones, 
and obviate caving in and disruptions, and of a sufficiently permanent 
character to admit of the renewal of the stones without breaking it up. 
The sise of the stones is about a practical medium, sufficiently large 
to preyent crushingy and small enough to be spanned by a horse's foot^ 
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in such a way that one or more of the points of the shoe, when put 
down, will strike into, or very near, a surrounding crevice, to prevent 
slipping. The bottoms of the stones have breadth enough, when pro- 
perly squared, to give them a good bearing on the foundation mate- 
rial, and the upper surface is as even and regular as is compatible 
with the mode of construction — not as smooth (or as dangerous) as the 
Russ pavement, nor as rough as the cobble-stone pavement. It is not 
adapted to pleasant or comfortable driving, and therefore not suitable 
for a park or private grounds. For these purposes, a less expensive 
form of road is preferable. 

In closing this chapter, it will not be amiss to add a remark upon _ 
our common roads in the country. In reviewing the condition of the^ 
English roads, in the last century and the forepart of this, we cannot= 
felicitate ourselves with the idea that the picture was painted in th^= 
olden time, and has no relevancy to us ; it fits closely to a state oHI 
things that existed nearly cotemporaneously in this country, ancH 
which has, unfortunately, not wholly disappeared even at the present 
enlightened day. Without referring to examples of stage-coach tra — 
veling that would set many people's bones to aching, and recall exp( 
riences of sufiFering and privation, we may say that it is not necessar 
to go far, or to search very carefully, for cases of bad roads ; we ma 
not find them with "ruts" quite "four feet deep," but we will fin 
that it is still a prevalent practice in making, as well as in repairing;-., 
roads, to " tumble in loose stones," and to cover them over, more o'r 
less, with most unsuitable materials. In repairing (so-called) countrjy 
roads, in particular, it is a common and most reprehensible practice, 
after tumbling into the ruts loose stones, to run a plough through the 
side ditches and scrape together into the middle of the road the Iod^ 
collected compound of road detritus, mud and weeds, and other un- 
wholesome matter, resulting in the forming of a compost bed that lasts 
but a brief time, and then disappears in clouds of dust, or in mud, leaving 
the projecting stones to "jolt a carriage in the most intolerable man- 
ner." With abundant materials that the country furnishes, in most cases, 
for making respectable, if not superior, roads, at but little if any greater 
cost, (at less cost, in the long run.) these slip-shod practices contioae. 
How often do we see those *^ hollow ways" in country roads, consisting 
of deep and dangerous gullies, worn down by rains that are permitted 
to concentrate from adjoining grounds, until the well-worn bed pr^ 
Mats the appearance of having been designed for an artificial water- 
^ 'ckaimel to drain the snrroiinding country, rather than for « highwaj 
ibr jwblic conTenience. 
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There was some excuse, in the new condition of onr country, some 
years back, for not taking the lead of other countries in the civilizing 
art of road-making, and allowances are still to be made, in the recently 
settled or sparsely settled portions of the country ; but in the older 
portions, surrounding our principal cities and villages, and containing 
prosperous populations, there would seem to be no palliating circum- 
stances for the common neglect of the public hi^^hways. We seldom 
see the individuals composing a community practicing, in their private 
affairs, the wasteful economy and unthriftiness that is shown in the 
treatment of their roads ; and it is quite as rare to find a man who is 
not fully aware of the wisdom of a better policy, and who is not suf- 
ficiently intelligent to know how, in some measure, to apply it, but 
the system of making it everybody's business and nobody's business 
to attend to the work prevails, and the evil is not corrected. 

( To be continued. ) 



(Continued from page 89.) 

THE STEAM-BOILER. 

fiy Joseph Harrison, Jr., Philadelphia. 

In the finding of the Coroner's jury in a recent boiler explosion in 
the city of Philadelphia, by which five men lost their lives, we find the 
following: 

** That those in charge of these boilers, exhibited culpable negligence 
In regard to the precautions universally considered as essential to the 
8afe management of steam-generators, and were not sufficiently expe- 
rienced to render their management of such apparatus safe. A similar 
want of knowledge, experience and care is only too comoion among 
those using steam-power." 

** That the proprietor was guilty of neglect in failing to provide a com- 
petent engineer to take charge of the steam motors of the establishment." 

'*In connection with this occurrence, this jury reiterates what has 
heen already most strongly expressed under like circumstances, that 
ofiicial inspection of all steam-boilers should be provided by our local 
goyernment, and is as essential to the safety of life and limb among 
our citizens as any part of our police regulations. The storage of gun- 
powder in our city is prohibited by law, but any one may place a steam- 
power magazine, with match burning, at our side or under our feet, 
with perfect impunity. Such magazines undermine, in fact, our most 
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crowded streets, and, unless properly cared for, will one day revea 
their existence in fearful disaster." 

There is much for reflection in these extracts, and their teaching 
should not be passed unheeded. In the use of steam in stationary en 
gines, of small size, in our large cities and towns, (and from these a 
much harm can arise as from larger ones,) it is almost the rule to em 
ploy men of no experience or skill, who are utterly incompetent to fil 
the most important post of firemen. The mere fact that they then 
selves are in the greatest danger, fails to make them more thoughtfu' 
and they ignorantly and carelessly go on, from day to day, hangin 
on the very verge of disaster, which may, at any moment, be precip 
tated by their own negligence. Almost unaware of the tremendoi 
power that is in their keeping, and failing to profit by the plaine 
evidences of danger, a long continued immunity, often leads them red 
lessly to think that no harm can arise, even when danger is most in 
minent. And in the matter of inspection of boilers of stationary stean 
engines, insisted upon so strongly, something also may be said. It is i 
doubt true that the regular government inspection of steam-boat boilei 
has been productive of good, but, at the same time, too much relian< 
should not be placed upon even this safeguard. It is well known that 
steam-boiler may pass inspection, and be, or appear to be, at the momeD 
all right, but it is equally well known that in a day, or even in an hoi 
thereafter, it may, by bad usage or neglect, become entirely unsaf 
A steam-boiler may pass the most critical examination, and may stai 
with impunity a severe hydraulic test when cold, but a much less pre 
sure, superadded to the strains resulting from irregular expansio: 
when hot, might rend the same boiler into fragments. It is plain th 
the fracture of steam-generating apparatus, can and may occur, und 
any system of construction. No amount of official inspection or speoi 
care, can entirely prevent this, and it must be set down as an imper 
tive law, if safety is to be secured, ^^that all boilers should be %o ea 
etrueted that their explosions may not be dangerous.** 

Having said thus much upon the general question of steam-boilerBj 
now becomes my province to describe the 

HARRISON STEAM-BOILER, 

An invention of my own, now being largely made and rapidly intT 
duced into practical use. I had long turned my attention to the sd 
ject of improving the steam-boiler, and believing that better guidit 
principles were needed, I at length fixed in my mind the foUowU 
axioms : 
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1st. That a steam-generator, of whatever form or material, must, as a 

paramount condition, be absolutely secure from destructive explosions. 

2d. That it must be constructed upon a system of uniform parts, 

simple in form, few in number, easily made, and easily put together 

or taken apart, and not of costly material. 

3d. That its strength should, in no respect, be dependent upon any 
system of stays or braces, whereby the inefficiency or rupture of one 
of these braces or stays, could cause greatly increased strain upon 
the others, thus endangering the whole structure. 

4th. That its parts should not be of great weight or size, thus per- 
mitting greater portability, and greater facility for getting it into or 
out of place. 

5th. That it must have a principle of renewal, allowing the easy 
displacement and replacement or interchange of any one or more of 
its parts, without disturbing or impairing the material or workman- 
ship, of the remaining portions of the structure. 

6th. That a boiler, whether of large or small dimensions, should 
have uniformly such elements of strength as would render it always 
capable of safely sustaining many times greater pressure than need 
ever be demanded of it in practice, and that its safety should not be 
impaired by corrosion, or the many other harmful influences which so 
soon and so seriously affect the strength of ordinary boilers. 

7th. That the parts should be so made and put together, that in 
case of rupture of any portion of the boiler, no general break up of 
the structure could occur, the release of the pressure by such rupture 
merely causing a discharge of the contents, without explosion or se- 
rious disturbance of any kind. 

8th. That it should be constructed so as to permit the easy and cer- 
tain removal of deposit of all kinds from every portion of its interior 
or exterior surface. * 

These axioms being carried out, all else being equal, it is believed 
that the result must be a better and safer steam-generator than any 
that has preceded it. It is not impqrtant here to enter into the detail 
of how the ^' Harrison Boiler'' reached its present form. Suffice it to 
gay, that when the form of a hollow sphere and curved neck was de- 
cided upon, as shown in the illustrations herein, it seemed that the 
true principle had been arrived at, — that nothing more could be desired 
in that direction. A boiler of about seventy-five horse-power, the first 
of the kind, was made of these simple elements, in the spring of 1859, 
and put in operation at the establishment of Messrs. Wm. Sellers k 
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Co., Philadelphia. This boiler efiFectively and economically supplied 
steam for driving the extensive workshops of the above firm, for 
several months in the summer of the year above mentioned. Its trial 
settled the question previously in doubt even with myself, that a boiler, 
as hereafter to be described, could be made and used without its integ- 
rity being disturbed by irregularity of expansion and contraction, 
consequent upon the action of fire. In practice up to the present 
time it has been usual to cast the spheres eight inches in external 
diameter and three-eighths of an inch thick, placed in groups of two 
and four, making what may be called a brick and a half brick. 
These spheres are arranged in a straight line one inch apart between 
their external diameters, and are connected with each other by a 
curved neck about three and one-quarter inches in diameter inside at 
the smallest part. A series of half necks make an opening entirely 
through each of the spheres, at right angles to the necks previously — 
described. These groups of spheres are called ** units," and whcn^ 
jointed with a rebate joint, accurately made on the edge or least dia^ 
meter of the half necks, fit closely together, making, when these edgcc^ 
are adjusted to each other, and drawn together, a perfectly steam andL 
water-tight joint, without the intervention of cement or packing. Any 
number of these two and four sphere units, when placed together witfai. 
break- joints, may bo conveniently made into a parallelogram or other* 
form that may be desired. The distance between the centres of th^ 
spheres in the direction of the jointed or half necks, when the units 
are laid together, is the same as the distance in the transverse direc^ 
tion, thus making a uniform section or slab of any given length or* 
breadth. Wrought iron tie-bolts pass through each line of spheres iib. 
the direction of the half, or jointed necks, connecting at each end. 
with caps that close up the external orifices of the section. One of 
the caps, called a blank cap, is made to receive a T-head at one end 
of each bolt ; the other end of the bolt passing through the opposite 
cap, and ending outside with screw and nut. It will be readily Been 
that these tie-bolts, when properly tightened, will bind all the units 
in one section firmly together. A section or slab of six spheres wide, 
the upper rows twelve, and the four lower rows thirteen spheres long, 
will make a boiler of about six horse-power. 

In setting a boiler ordinarily, for stationary purposes, one or more 
of the sections are placed on edge, at an angle of about forty degrees, 
aide by side, usually one inch apart between the sections, the upper 
eorner on the bottom line being supported on a cast iron rail or bearer, 
the lower portion resting on a chair, adapted to the purpose, placed 
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behind tlie bridge-vnll. A common steam-pipe, taking steam from the 
upper caps, connects any number of sections together. A similar pipe, 
in like manner placed at the bottom corner of the section, makes a 
water connection between any number of sections. To avoid binding 
of the parts from irregular expansion or disturbance of any kind, the 
steam and water-pipes are made up of short pieces, joining with sphe- 
rical joints, held together with tie-bolts, after the manner of the units. 
By this means a flexible, or articulated connection is made, that pre- 
vents all trouble in joining the sections together. 

No attempt is made to provide steam room other than the capacity 
of the spheres in the upper angle of the sections above the water-line. 
The amount of steam space is a little less than one-third the contents 
of each section, the remaining portion of the section being filled with 
water. It is found in ordinary practice with the largest boilers that 
the steam space allowed as above, is quite sufficient. The heated 
products of combustion, rise from the grate, passing between the sec- 
tions, and amongst the spheres, and over the bridge-wall, finding exit 
at length towards the chimney at the lowest and coldest part of the 
boiler. A cast iron guard is inserted between each slab, nearly hori- 
sontal, a short distance below the water-line. This guard prevents 
active heat from reaching the steam spheres, but at the same time 
suflicient heat reaches the upper angle of the boiler, to dry and par- 
tially superheat the steam ere it reaches the outlet to the steam-pipe 
at the upper cap. Priming is not usual in this boiler, with ordinary 
fresh water, and its peculiar construction causes it to be its own super- 
heater, without separate apparatus. It is not essential that a station- 
ary boiler should be set exactly as described, as the units may be built 
Up vertically, horizontally, or in any irregular manner, best suited to 
the circumstances of the case. A stationary boiler set after the man- 
ner first indicated, and heretofore^ most generally adopted, has given 
Very good and very economical results, when compared with other 
boilers having the best reputation. A boiler for marine purposes may 
be made in the form of a cube, and may be set without brick-work. 

Having, as I think, in the previous pages of this volume, fairly 
proved that cast iron is to be preferred to wrought iron as a material 
for steam-boilers, let me say a few words in regard to the advantages 
of the former material as used in the ^'Harrison Boiler." Mr. Zerah 
Colbam, late editor of the London Engineer^ and now editor of the 
new magazine published in London, called Engineering^ has written 
much and very ably on the steam-boiler. His opinion, therefore, is 
entitled to great respect. In a paper on steam-boilers, read by him 
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before the Institution of Mechanical Engineers, at Birmingham, on 
May 5th, 1864, in alluding to mine, he says: "Although it cannot he 
said that cast iron is in itself a strong material for boilers, yet it 
will be seen that in the form now described, it affords greater absolute 
strength against bursting than is possessed by any form of plate iron 
boiler. The 'units' are cast upon green sand cores, so placed that 
they cannot alter their position in the flask by any force short of 
what would be sufficient to crush them to pieces ; the thickness of 
metal in the spheres is therefore uniform throughout. In a *unit' of 
four spheres^ each sphere having an internal diameter of seven and a 
quarter inches, the whole area of the plane in which a bursting pres- 
sure could act, taken through the eight openings of the four spheres, 
is two hundred and twenty square inches, whilst the least section 
of iron resisting this pressure in the same plane is twenty-seven and 
a half square inches. The iron employed is an equal mixture of Glcn- 
gamock, Carnbroe and scrap. Its tensile strength may be safely 
taken at five and a half tons to the square inch. At this rate the 
bursting strength of the units would be one thousand five hundred and 
forty pounds, or nearly three quarters of a ton per square inch." 

And again, Mr. Colburn, in a paper read before the British Associa- 
tion for the Advancement of Science, at Bath, in 1864, says: "In or- 
dinary boiler-making the geometrical advantage of the hollow sphere 
cannot be turned to account. It cannot be produced economically in 
plate iron, nor if in plate iron, could it be advantageously employed 
in a steam-boiler. The hollow sphere has this property, to wit : with 
a given thickness of metal it has twice the strength of a hollow cylin- 
der of the same diameter. This is upon the assumption (which is correct 
when the cylinder is of a length greater than its own diameter) that 
the ends of the cylinder offer no resistance to a bursting pressure ex- 
erted against its circumference. Under over-pressure, a closed cylinder 
would take the shape of a barrel, and if of homogeneous material and 
structure, it would burst at the middle of its length, in the direction 
of its circumference. The circumference of a sphere of a diameter o 
one, being 3*14159, the sum of the length of the two sides of a cylin- 
der of the same diameter, and having a plane of rupture of the sam^ 
area, is 1*6708, or exactly half as much." 

And in the same paper, he says: **The tensile strength of cast iroa 
varies between five tons and fifteen tons per square inch. ConsiderecL 
as a material for boilers, only the minimum strength shoold be re^ 
garded." ^^Cast iron boilers of eight feet in diameter, and of groat 
length, were at one time made, but these were manifestly objection' 
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able. The spherical f^rm of a moderate diameter is preferable, and 
whatever is the strength of a riveted wrought iron cylinder, that of a 
cast iron sphere of the same diameter and same thickness of metal, 
will be the same. Plate iron of a strength of eighteen tons per square 
inch is virtually weakened to ten tons by the loss in riveting, and aa 
the hollow sphere is twice stronger than the hollow cylinder of the 
same diameter and thickness, the cast iron having no joints, becomes 
equal in this comparison to the wrought plates." 

*^If we could always count upon the ma^cimum strength of iron, to 
wit: twenty-seven tons per square inch for wrought and fifteen tons 
for cast, a fourteen feet cast iron sphere would have the same strength 
to resist bursting as the seven feet cylinder of the Lancashire forty- 
horse boiler, supposing the same thickness of metal in each case." 
^^But there is no occasion to make a boiler as a single large sphere, 
for it is now ascertained from extensive experience that hollow cast 
iron spheres of small diameter, do not retain the solid matter deposited 
by the water. Small water tubes, and indeed all small water spaces 
in ordinary boilers, always choke with deposit when the feed-water 
contains lime, but cast iron boiler spheres, although they maybe tem- 
porarily coated internally with scale, are found to part with this when- 
ever they are emptied of water. This fact is the most striking discovery 
that has been made in boiler engineering.'* It removes the fatal defect 
of small subdivided water spaces, which can now be employed with the 
certainty of their remaining constantly clear of deposit. ^^This dis- 
covery has been made in the use of the cast iron boiler invented by 
Mr. Harrison, of Philadelphia, United States." ^^In Manchester, 
with feed-water taken from the Irwell, or from the canal, a hard scale 
is soon formed in the ordinary boilers ; but in the cast iron boiler, a 
succession of thin scales of extreme hardness are found to form upon, 
and to become detached of, themselves from the inner surfaces of the 
water spheres. The scales are blown out with the water at the end 
of the week, and only small quantities can be found when purposely 
sought fc(r. A pint of loose scales and dirt is the most that has yet 
been found in a careful internal examination, after nine months' daily 
work." ^^None o{ the cast iron is removed with the scale,** "The 
self-scaling action which has been found to be the same in all cases 
where the boiler has been worked, can only be explained by conjec- 
tures, which it is not, perhaps, necessary to introduce in the present 
paper. It deserves the careful investigation of the chemist and me- 
ehanieal philosopher, with whom theauthor prefers to leave thesubject.*' 
The property of casting the scale, as stated by Mr. Colburn, was 
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not aimed at when the Harrison Boiler was designed, and such a 
result was entirely unexpected when it was first put in use. It is true, 
nevertheless, that after three months* trial of my first boiler, at 
Messrs. William Sellers & Co., in 1859, no scale or other deposit of 
any kind was found therein ; all that may have been formed, having 
been removed by merely blowing out once a week. Still, this short 
experience seemed hardly sufficient to establish a rule. Fearing and 
anticipating the usual trouble from deposit, and having a form of 
boiler that admits of per^ct access to all its interior surface from 
without, by withdrawing the bolts, one at a time, I devised and made 
a very perfect instrument for removing the scale with perfect cer- 
tainty, by mechanical means. But in addition to what has been stated 
by Mr. Colburn, a continued experience, running through many suc- 
cessive years, in Philadelphia and elsewhere, has proved that, as a 
general rule, the Harrison Boiler does regularly shed its scale by 
blowing it out, under certain directions, once a week. In no case has 
it been found necessary to use the instrument designed for removing 
the scale. There are, I think, several reasons why this peculiar form 
of steam-generator should have this property of shedding its interior 
scale or deposit. In the first place, cast iron, as a material for steam- 
boilers, has not the same tendency towards continued oxidation as 
wrought iron. Rust on the inner surfaces of a boiler, when made of 
the latter material, combines with the deposit, causing it to harden 
and cling with great tenacity to the metal upon which it rests, making 
it much more difficult to remove than simple earthy or chemical 
deposit. I do not think that the hollow sphere, in itself, has any 
special quality for throwing off scale ; still I think it will be seen that 
the hollow sphere, in connection with the curved neck, may have this 
quality in a great degree. If the form of the interior of one of the 
units of the Harrison Boiler is carefully examined, it will be found 
that none of its inside surface makes a complete arch or a continuous 
ring. A hollow sphere, without opening of any kind, would bind 
deposit to its inner surface, just as it is bound in a tube of equal dia- 
meter, and from which it is often so difficult, to be removed. In every 
instance in the ^^ units" of the Harrison Boiler, the curved neck comes 
in to break up the continuous ring, and removes the abutment of the 
arch. What follows, as far as interior deposit is concerned, would 
aeem obvious. When the deposit is fixed upon the inner surface of 
the unit, both metal and deposit are about the same temperature, and 
conBequently nearly in equilibrium. The boiler is blown out under 
fiiU pressure at the end of each week, just after the fires are drawn, 
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leaving the walla of the furnace at, perhaps, red heat. At one hun- 
dred pounds pressure to the square inch, the temperature of the 
"units" would be over three hundred degrees. The excess of heat 
in the furnace walls might raise this temperature to four hundred de- 
grees or more, thus slightly increasing the size of the unit in every 
part. It is well known that earthy or chemical matter will not ex- 
pand equally with metal, and from this cause a disturbance, no doubt, 
takes place, soon after the boiler is emptied, between the metal and 
the inside coating of deposit, causing the letter, perhaps, to crack or 
loosen itself. The boiler is allowed to remain empty until quite cold, 
the units then returning to the size they possessed before heat was applied 
to them. The contraction of the casting to its lowest point, and the 
non-contraction of the deposit in an equal degree, still further, (it is 
fair to infer,) disturbs the integrity of the deposit, and not arching 
itself as in a tube, it is no doubt partially thrown off, and in due course 
of circulation, finds its way to the lower parts of the boiler. When 
the boiler is again filled with water and fired, the partially clinging 
fragments of scale still remaining on the inner surface of the units, 
would evidently soon be removed, as the boiler became active in gene- 
rating steam. I have not been able to learn exactly what goes on 
inside the boiler, but this particular form evidently does, almost with 
certainty, shed its scale when in use, and treated as described. 

I have endeavored to show why it possesses this singularly remark- 
able and most useful property. In but one instance, as far as has 
come to my knowledge, in the use of several hundred of these boilers, 
has any difficulty arisen with deposit. This case occurred in the 
vicinity of Philadelphia, where water, taken from a well, formed a 
peculiar deposit very rapidly, which did not remove itself with blowing 
out, and caused consequent difficulty in the use of the boiler. It was 
at length taken down and reconstructed, and the water thereafter 
taken from the regular city supply. Since the change in the water 
no trouble has arisen from interior deposit, and it is now giving great 
satisfaction. 

CIRCULATION OF WATER. 

It is believed that the steam-boiler under consideration has many 
advantages in its water circulation, or rather in the facility with which 
the steam is delivered into its proper place, after its generation. 
When set as is usual at an angle of about forty degrees, the currents 
of water, in each section, when generating steam, ascend along the 
line of spheres nearest the fire, and through the intersecting necks, 
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carrying with these currents, the accumulating steam as it is thrown 
off from the inner surface, and delivering it at the upper angle, or 
steam-room portion of the section. The descending water-currents, 
at and near the water-level, find their way downward along the upper 
ranges of spheres, and through their intersecting necks, reaching, at 
length, the lower angle of the sections, from which point the circula- 
tion is continued, and goes on as before. 

It should be noted that each section of this generator, no matter 
how large the whole structure may be, has in itself a uniform, sepa- 
rate and thorough system of water and steam circulation. In fact, 
each section is a distinct boiler. This system of water circulation 
throughout all the parts of each section, always regularly kept up, 
has much to do with the removal of interior scale after it has become 
detached from the inner surface of the "units," and may be explained 
as follows: 

In actively generating steam, the water and steam circulation must 
necessarily be very active at the hottest parts of the boiler. This 
keeps the loosened scale or deposit in suspension for a time. Bat 
when it reaches the lower portion of the section, where the circulation 
is least active, from the water not being highly charged with steam, 
the deposit has a tendency to remain at the bottom of the section, at 
or near the outlet, ready to be discharged at the first opening of the 
blow-off cock. 

Much has been attempted in the matter of more perfect circnlation 
of water in steam-boilers, and consequent disposal of the steam after 
its generation, even to the using of compulsory means for effecting 
this important object. From the peculiar uniformity of the parts, and 
the manner in which the sections are set, it is believed that this boiler 
has a more perfect system of water and steam circulation, than any 
that has preceded it. 

FIRE CIRCrLATION. 

The boiler under consideration, it is believed, has sereral advan- 
tages in the application of heat thereto. Its peculiar form softens the 
lines of circulation for the heated products of combustion, leaving no 
abnq>i tarns or ont-of-the-way corners, so often found in the more 
oottplkmted boilers, and at the same time presenting a series of uni- 
fMraa dwnnelsy with their equally uniform sorroonding surfaces for 
tiki]^ ly tke hemJL Unlike the long and narrow tube of the tabular 
ifciilir»tiiA dauid of fire dredlation in this^ isin foil eomieelmi witk 
jM Ai >lksw» belli wtkolly and laterally, canstBg a betliar bkaidiBg 
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of the elements that support combustion, and thus maintaining it for a 
longer period than can be done in the long narrow tube. 

It has been proved by repeated experiment that tube fire surface 
(say, in tubes of two inches external diameter and under,) has a greatly 
reduced value, after the first two or three feet from the fire, when 
compared with fire-box surface. In some carefully conducted experi- 
ments made under my notice several years ago, at St. Petersburgh, 
Russia, it was found, in boiling water in the open air, that copper 
tubes of two inches external diameter, and one-tenth of an inch thick, 
laid horizontally, were very nearly equal to fire-box surface in evapo- 
rating power, for a distance of two and a half feet from the fire. Be- 
yond that distance their value fell off" rapidly, and five feet, with a 
most intense fire, seemed to be the maximum of really valuable fire 
surface. Between the ninth and tenth foot, (the latter being the ex- 
treme length of the tubes,) water could not be raised in temperature 
to two hundred and twelve degrees, after hours of continuous firing. 

These experiments, often repeated, and always with the same result, 
were made with a fire-box twenty inches diameter and twenty inches 
high, out of which proceeded, horizontally, four copper tubes of the di- 
mensions above stated. Great care was taken to ascertain the exact 
evaporating value of each separate foot of tube surface in the direc- 
tion of their lengths, as well as the value of fire-box surface. 

Let us consider, for a moment, why so large a portion of the tube 
surface had so little value. Flame, or inflammable vapor, entering a 
tube of small diameter, may, at the moment of entrance, be in full 
combustion, and have a temperature nearly or quite equal to the 
source from whence it springs. Passing into a tube one and eight- 
tenths inches internal diameter, surrounded by boiling water, the 
metal in the tube would have a temperature, at the pressure of the 
atmosphere, of not much above two hundred and twelve degrees. The 
vapor coming in contact with this comparatively low temperature of 
the tube, would soon be reduced below the point of combustion, and 
from that moment, no matter what heat-giving properties it might 
still possess, they would be of no further effect, and to the end of the 
tube the vapor would give off heat only as heated air. 

MAINTENANCE. 

From the small size of the component parts, and the simple manner 
in which they are put together, it will be seen that injured parts of 
the Harrison Boiler can be renewed with great facility. A sphere 
may erack, or portions of the sections, nearest the fire, may, from 
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lowness of water, become overheated and spoiled. The taking out of 
a few bolts, and the removal of a small portion of brick-work in a sta- 
tionary boiler, permits the displacement of the injured parts, without 
disturbing the uninjured portions of the structure; whilst replacement 
being equally convenient, an injured boiler by renewal, and not by re- 
pairs^ properly speaking, (for no injured part is ever patched or mended,) 
is soon rendered as good as new. 

A large proportion of the whole boiler need not require renewal. 
Parts taken out, and unfit for use, are in a most convenient form for 
remelting, and in this respect the old material has much greater value, 
compared with first cost, than the worn-out wrought iron boiler. The 
latter, from great size, and the difficulty and cost of getting into a 
more convenient shape for reworking, is often almost unsalable. 

TRANSPORTATION. 

The facility with which this boiler can be maintained, will explain 
why it is easy of transportation. Usually it is sent from the workshop 
in sections very convenient and safe to handle, each weighing about a 
ton. These sections can be put into place, if necessary, through an 
opening five feet long and one foot wide. If it is required to still further 
reduce the size and weight of the separate parts, a section may be 
taken to pieces, so that no portion need weigh more than eighty 
pounds. Thus a boiler, no matter what its ultimate size may be, can 
be carried, in detail, in a man's hand, and may be put through an 
opening one foot square. The handling, transporting and placing 
of the unwieldy wrought iron boiler, is always a source of great expense, 
— often of danger and delay. Many a boiler has been run much nearer 
the point of disaster than it would otherwise have been, had its removal 
and replacement been a matter of more easy accomplishment. Many 
a disastrous explosion has occurred, and many a valuable life has 
been lost, for no better reason. 

EXTERNAL CLEANING. 

It has been shown how this boiler is kept clean inside. In the 
economical use of a steam-boiler it is of much importance that the out- 
side should also be kept clear from all deposit tending to hinder the ab- 
sorption of heat. It is always difficult, and sometimes impossiblei to 
keep the ordinary steam-boiler free from soot and other deposit on 
its fire surface, whether in flues, plain cylinders, or the other niuner- 
ous forms in which it is made. 
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The fire passages of the Harrison Boiler, being uniform, and all in 
connection with one another, external cleaning becomes a very simple 
process. Through the small doors just above the furnace doors, easy 
access is had to the interior fire passages, and a small jet of steam 
blown in various directions through these small doors from a hose 
attached to the boiler, having a pipe and nozzle arranged for the pur- 
pose, will eflfectually remove all soot or other deposit, keeping the 
spheres as clean outside as when first made. 

TENDENCY TO RUPTURE. 

Steam at ordinary working pressure has but little tendency to rup- 
ture any of the parts of this boiler, and might almost be left out as an 
element of harm, from the fact already mentioned, that the calculated 
bursting point is very many times greater than the working pressure 
of an ordinary high pressure steam-engine. Neither has the steam 
pressure any great tendency to separate the joints, as the necks being 
but three and one-quarter inches in inside diameter, might be held 
together under a pressure of one hundred pounds per square inch, 
with a bolt no larger than would sustain a strain of about eight hun- 
dred and thirty pounds. 

Allusion has been previously made to the evils that afiect all 
boilers from irregular expansion when in use. It is equally 
necessary in the Harrison Boiler to guard against this influence. 
It may be well here to consider this most important feature more 
fully. The powerful and irresistible action of this force begins its 
work at the moment fire is first applied to a steam-boiler, and little 
by little, too surely impairs its strength. It is most diflScult to con- 
trol when the material is in such form as not to admit of compensa- 
tion or allowance, when subjected to its injurious effects. In ordinary 
boilers made of wrought iron, it is practically impossible to arrange 
the parts so as to prevent irregular expansion, and consequent undue 
strain from this cause. As it has been shown that it is equally 
impossible to make and put such boilers together when new, without 
undue strain, we have here two most powerful influences at work, 
tending to rend the parts asunder, (entirely irrespective of steam-pres- 
sure,) the importance of which as elements of danger are seldom, if 
ever, taken into account. Take a plain cylinder, if you please, the 
most simple form into which wrought iron can be put to make a steam- 
boiler. Put a fire under such a boiler, expending its most intense heat 
upon a short portion of one-half of its lower diameter, at the end over 
ihe fire-grate, the products of combustion thereafter coursing along 
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the whole length of the remaining half diameter, until the outlet to 
the chimney is reached. Under these circumstances, the lower line 
must be very materially increased in length over the upper line, and 
the whole structure will be then subjected to a series of most compli- 
cated strains, the position and nature of which we can only conjec- 
ture, and consequently cannot provide against. Extra thickness of 
material will not always remedy, and might even aggravate, the evil. 

In more complicated boilers, this terrible ordeal of fire is often yet 
further intensified. Make such boilers of cast iron or other brittle ma- 
terial, — putting them into shape, entirely free from strain, (if this 
were possible,) and when filled with water to the proper level, let them 
be fired in the same manner as if made of wrought iron. That such 
boilers would break in pieces ere long is not doubtful. Made of 
wrought iron, they might not break up at once, but their greater te- 
nacity would give them no immunity from the harmful influences 
that had so soon destroyed their more brittle competitor, and which 
might, in the end, prove alike fatal to both. It is not a very hopeful 
view, when we consider that these undue strains are not lessened when 
the boiler becomes weakened by corrosion, or has its strength im« 
paired by any other cause. 

The Harrison Boiler in its manufacture and use, is not liable to 
serious injury from undue strain, or from irregular expansion. Cast 
iron expands less at the same temperature than wrought iron, and 
this diff*erence might seem likely to interfere with the tightness of 
the joints. But when it is considered that the heat is first applied to 
the spheres, and thence through the water to the bolts, the latter 
must always have a less temperature than the spheres, which practi- 
cally brings both nearly in equilibrium. A due proportion being 
maintained between the bolts and the spheres, no trouble need arise 
from irregular expansion when the boiler is not unfairly used. 

DURABILITY. 

In an experience of several years with this boiler, no evidence of 
serious gradual depreciation has ever shown itself in any of its parts. 
Corrosion afiects it but slightly. Its self-cleaning properties usually 
prevents overheating consequent upon interior deposit. 

Breaking of spheres happens so seldom as scarcely to need men- 
tion, amounting to only about one-fiftieth of one per cent, in an aggre- 
gate of one hundred and fifty thousand spheres put in usq. In fact^ 
except from overheating or *^ burning^** arising from too low water 
or other cause, and consequent warping of the ^^ units/' which, of 
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course, destroys the accuracy of the joints, I have not found any 
decided marks of depreciation after long use. When compared with the 
wrought iron boiler, it would seem practically indestructible. 

SECURITY FROM EXPLOSION. 

By what has been adduced, it must be seen that the Harrison Boiler 
is safe from destructive explosion. It is not, however, maintained 
that it cannot be burst in some of its parts, or that it might not, under 
certain exceptional circumstances, do personal injury, consequent 
upon the sudden discharge of water or steam. But it is maintained^ 
that under no circumstances can it ^' rend and scatter large masses of 
material^ liberating at the same time large volumes of highly charged 
water and steam.*' Spheres have cracked, (always singly,) but they 
are not broken into fragments, thus causing a sudden discharge of the 
contents of the boiler. Consequent leaking at the fractured part may, 
for the time being, and until renewal, prevent the use of the boiler. 
Instances have occurred where a cracked sphere has been left in its 
place for several days without inconvenience or stoppage. 

On page 131 of the February number of this Journal, for 1867, 
will be found a report of the " Committee on Science and the 
Arts," of the Franklin Institute, giving a detailed account of certain 
most severe tests that the Harrison Boiler was put to, in the 
effort to destroy it by steam-pressure, and other means. The at- 
tempted destruction utterly failed. Attention is called to this re- 
port as exhibiting some very remarkable results. When it is con- 
sidered that eight hundred and seventy-five pounds per square inch of 
steam-pressure failed to burst any of the spheres in one of the sec- 
tions, — that under such severe test every joint becomes a safety-valve, 
and when it is rendered certain, that under all circumstances of frac- 
ture the general integrity of the whole structure can be surely main- 
tained, (a point most positively insisted upon,) then but slight injury 
can arise, in any contingency. 

CONCLUSION. 

Considering the plan, material and mode of manufacture of the 
Harrison Boiler, let me now revert to the axioms laid down by me as 
guiding principles in making a steam-boiler, and see how far they 
have been carried out. 

1st. The boiler under consideration is theoretically and practically 
%afe from aU destructive explosion. 

2d. It is constructed upon a system of uniform parts^ few in nunt- 
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6er, eaBtly made^ and ea%ily put together or taken aparty and not of 
costly material. 

3(1. Its strength is in no respect dependent upon any system of stays 
or braces^ whereby the inefficiency or rupture of one of these braces or 
stays can cause greatly increased strain upon the others j thereby en- 
dangering the whole structure. 

4th. Its parts are not of great weight or size^ and may be easily 
transported, or put into or be taken out of place. 

6th. It has a principle of renewal allowing the easy displacement 
and replacement or interchange of any and all of its partSy without 
impairing or disturbing the material or workmanship of portions not 
needing reJiewal. 

6th. Whether of large or small size^ it has uniformly such elements 
of strength as will always render it capable of sustai7iing many times 
greater pressure than need ever be demanded of it in practicey and its 
safety is not impaired by corrosion^ or* the many other harmful influr 
ences that so soon and so seriously affect the strength of ordinary 
boilers. 

7th. Its parts are made and put togethery so that in case of rup- 
ture, no general break up can occur. Its contents may be dischargedy 
but no explosion or serious disturbance of any kind can take plaety 
consequent upon such discharge. 

8th. It is constructed so as to permit the easy and certain removal 
of deposit of all kindsy from every portion of its interior and exterior 
surface. 

It is assumed that the better "guiding principles" in the constnic- 
tion of a steam-boiler have been fairly carried out, — that all other 
matters are at least equal, and that the result is a safer if not a 
better one than any that has preceded it. 

ITS PRACTICAL AND COMMERCIAL SUCCESS. 

Until the spring of 1864 no effort was made to test the commercial 
merits of the Harrison Boiler by offering it for sale. In the early 
part of 1863 a boiler of fifty horse-power was put up experimentally 
at the establishment of Messrs. John Hetherington & Sons, Man- 
chester, England, and subsequently a smaller one at the same place. 
Both of these boilers worked well and gave great satisfaction up to 
the middle of 1864. Orders were also received for several others, to 
bo erected in the neighborhood of Manchester. Several hundred tons 
of this boiler, made in England, were imported into this eonntrj in 
1864, and put into operation into Philadelphia and other places. 
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Since October, 18G5, I have been manufacturing the boiler at mj 
own foundry on Gray's Ferry Road, Philadelphia. There are now 
at work, in the United States, boilers on my plan, varying in size 
from five to three hundred horse-power, with an aggregate of twelve 
thousand horse-power, all put in operation within the last two years 
and a half. Most of these have been erected in Philadelphia. Others 
in various parts of the Union, from Michigan to Georgia, and from 
Massachusetts to Missouri. Some have gone to Canada, and others 
to South America, Liberia and New Zealand. I have now large orders 
for the Eastern, Western and Southern States, and for our own city, 
with a constantly increasing demand. 

The Harrison Boiler has met with more favor at the hands of the 
public, than could have been expected, considering the novelty of its 
material and form, and the prejudice that so naturally attaches to any 
effort aiming at an almost entire overthrow of a long established sys- 
tem« Its peculiarities invite criticism, and it would not appear strange 
if even many of those best acquainted with the subject generally, should 
pass this by with little attention, thinking at a glance, that it was so 
much out of the beaten track, as to seem utterly impracticable. 

Nothing in connection with the use of steam has been so much 
discussed as the manner of making the apparatus for its generation, 
and to have called out, for a century past, such an army of thinkers 
on a subject having in the abstract but a few simple elements, there 
most have been, and no doubt still is, some inherent defect in the plans 
heretofore and now used. The field is evidently not yet exhausted, if 
we consider that in the United States alone, forty-nine patents were 
issued in 1865, and fifty-eight in 1866, for steam-boiler improvements; 
the lowest number being nearly double that of any preceding year. 

If, in these pages, I have added to the stock of information tending 
to make the use of steam less dangerous to life and property, I have 
attained something. If I have been instrumental in producing a steam- 
boiler, that will take its place permanently, as a means of rendering 
steam generating apparatus more safe from destructive explosion, I 
shall have attained something more. If in my effort to improve a much 
used and much abused object, manifestly demanding improvement, I 
have only succeeded in proving a fallacy — I shall still have my reward. 

Joseph Harrison, Jr., 
Itittenhouse Square^ Philadelphia. 

Vol, LIII. 13 
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From the London Engineering, No. 29. 

THE STEEL RAIL QUESTION. 

There are few questions which now possess the same importance 
to railway engineers and railway companies as that of the substitution 
of steel for iron rails. It involves not only the broader consideration 
of the durability of rails, but it embraces also nice questions of the 
relative strength of steel and iron, of their cost when new, and their 
value when worn out. On the occasion of the recent discussion of 
Mr. Price Williams' paper at the Institution of Civil Engineers, the 
engineering advisers to the railways of the United Kingdom and the 
colonies, dealt practically and commercially with these questions, and 
we cannot interpret the result of the discussion otherwise than as a 
verdict in favor of steel rails, although we are still wanting precise 
data upon which the extent of their superiority over iron may be defi- 
nitely pronounced. 

Mr. Williams, in dealing with the question of the life of a rail, en- 
deavored to bring it as far as possible to that of its mechanical service, 
and he made the tons moved over a rail the standard of wear, rather 
than the number of years during which it might be in use. Two rails, of 
equally good quality might be worn out, the one in three years upon 
one line, and the other in twenty years upon another, the wear following 
the total weight and the speed of all the trains running over the rail. 
The former standard approaches precision where that of the surface in 
years does not; but even the tons of trafSc borne does not form a pre- 
cise standard, inasmuch as the wear is related — we will not say in what 
ratio — to the speed, and to the maximum weights upon a wheel, be- 
sides being closely related to the general condition in which the line 
is maintained, and to that of the rolling stock. Mr. Williams found, 
from the results of careful observation and record, that good iron rails 
bore from twelve to fifteen million tons of moderately fast traffic and 
thirty-eight million tons of slow trafiic, while Bessemer rails had borne 
ninety-five million tons of slow trafSc without being nearly worn out 
on even the single face. It seems to be a notion that rails on down 
gradients should not wear out as fast as those on up gradients, and 
thus the question of the pitch and direction of gradients might be con- 
sidered to enter also into that of wear. But the vertical pressure of 
a train or a single wheel upon an inclined rail is the same whether the 
wheel be rolling up or down, and it is the vertical pressure taken in 
connection with the total force of motion acting upon the train— or the 
work stored up in it — that determines the question of wear; and the 
destructive forces are the same, although the engine force may not be 
the same, in moving a train down a gradient, along a level, or up a 
gradient, the speed being supposed the same in each case. By destruc- 
tive forces we mean the conjoined effects of vertical pressure and ad- 
vancing motion. The utilized bite of the engine wheels must be harder 



THE 8TEBL RAIL QUESTION. 179 

in going up than in going down a gradient; but it is not certain that 
the longitudinal force exerted along the rail by what we call the adhe- 
sion of the engine produces any sensibly destructive effect at all. In 
other words, supposing no slipping, it is not certain that any more 
wear attends the working of a locomotive in the ordinary manner than 
would attend its motion if towed over the line at the same speed. The 
friction, or so-called adhesion, whereby locomotives are self-moving, is 
demonstrably simple static friction, and, so long as there is no slipping 
of the surfaces in contact, it is not clear that the rails are sensibly in- 
jured by the longitudinal thrust of the driving-wheels acting upon them. 
Mr. Williams has found that, with the same tonnage on ascending and 
descending gradients of the same pitch on the Great Northern line, 
the falling rails wear out much the sooner, no doubt because of the 
greater speed maintained upon them. Thus, on a descending gradient 
of one in two hundred, between Hatfield and London, the rails are worn 
out in three years with an average traffic of twelve million tons. On 
a rising gradient of the same pitch, not far from Peterborough, the 
same quality of rails last six years, and bears twenty-five million tons. 

The questions of durability and of strength have been decided, and, 
we may say, without any qualification or deduction, in favor of the 
steel rail. There were ninety-five and a half million tons over the 
Chalk Farm rail, and the Bessemer rails at and near Crewe Station 
have borne, in one part of the line, fifty-two million tons, with a wear 
of only five-sixteenths of an inch, and in another eighteen and a half 
millions with but three thirty-seconds of an inch wear. 

As to strength to bear heavy strains and sudden and severe blows, 
the steel rails are almost beyond comparison with iron rails. Sup- 
ported upon five Cpet bearings, steel rails were found by Mr. Kirkaldy 
to bear in one case over eighty thousand pounds applied at the centre, 
and not one bore less than twenty-five tons, while the iron rails, tried 
in the same manner, bore from thirty-six thousand pounds to fifty 
thousand pounds only. Mr. George Berkley has tested steel rails on 
three feet seven and a half inch supports, to a central bending strain 
of sixty-four and a half tons, and he has found the tensile strength of 
the steel to be from forty-one and a half to forty-three and a half tons 
per square inch, according as the steel was from the web or the head 
of the rail. 

As for resistance to impact, Mr. Berkley not long since tested some 
Bessemer axles, of nearly the same quality as steel rails, with some 
most extraordinary results. They were railway carriage axles, three 
and three-quarter inches diameter, seven feet two inches long, and were 
placed upon bearings three feet apart. A falling "tup" or ball, 
weighing fourteen hundred-weight and three quarters, or nearly three- 
quarters^ a ton, was then allowed to drop upon them from heights, 
successively, of five feet, ten feet, fifteen feet, twenty feet and thirty- 
five feet. The first axle bore five of these blows, and was deflected* 
twenty-five inches, but there was no appearance of fracture. The se- 
, condy after two blows of ten feet and fifteen feet, was then nicked with 
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a cold chisel expressly to break it, the fall then employed being twen- 
ty-five feet. A third axle, struck with a fourteen hundred-weight ball, 
bore blows from a height of eleven feet six inches, seventeen feet and 
twenty-three feet six inches, and finally broke with a blow of thirty- 
six feet fall. A fourth was broken by two successive blows from a 
height of thirty feet each. A fifth bore five blows, the fall rising pro- 
gressively to thirty feet, but the axle was not broken. A sixth bore 
blows successively, the fall being ten feet six inches, and was then 
nicked and broken with a fall of twenty-five feet. 

But axles are not rails, and Messrs. M'Glean and Stileroan made some 
trials of the breaking strength of seventy-three pound steel rails and 
eighty pound iron rails for the Furness and Midland Railway Gompanj. 
The rails were keyed in chairs four feet apart, and a five hundred- 
weight tup or monkey was employed. A fall of four feet produced no 
set in the steel rail, a fall of ten feet gave one inch set, and a fall of 
twenty feet two and a quarter inches set only. The rail could not be 
broken with the means at hand. A second rail took a set of only one 
inch from a twenty feet fall of the same weight, and a set of one and 
a half inch from a further blow of twenty-six feet fall. This, too, could 
not be broken. The iron rails, nearly ten per cent, heavier, broke, 
the one with a six feet fall of the same weight, the other with an eight 
feet fall. The sets were but trifling, showing, apparently, brittleness 
of the iron. 

The durability and strength of Bessemer rails being thus proved and 
conceded, the next questions are those of first cost, interest on cost, and 
the value of the old material when worn out. If the steel rail last twenty 
years, where the iron rails last three, then the railway company will lay 
out of the whole cost of the steel rails for twenty years, where with iron 
the first cost is not only less, but a considerable sum is recovered at the 
end of three years towards further renewal. Then, again, it becomes 
a question whether it is fair, after what has been seen, to compare iron 
and steel rails of equal weight, and whether compound interest or sim- 
ple interest is to be considered. It seems reasonable to suppose that 
the full advantages of steel rails would be had with considerably less 
weight than is employed with iron. Mr. Ilawkshaw has expressed the 
opinion that the time has arrived when the weights of rails to bear high 
speeds, should be increased, and that the weight of steel rails should 
not be less than seventy pounds or eighty pounds per yard; but this is 
not opposed to the proposition that steel rails of lighter section than 
that of iron rails may be employed without sensibly diminishing the 
greater comparative durability of the former. It will perhaps be more 
satisfactory, however, to count upon equal weights in both cases, leav- 
ing any incidental advantage thereby gained for steel as an additional 
benefit. Steel rails are made at prices of from £12 10«. to £16, and iron 
rails cost from £1 to £8 ; if guaranteed, as are those made for the Great 
Northern, £9 per ton. It is doubtful, however, whether really good steel 
raih c&n now be had for less than £15, while really good iron rails cost 
^8 to£8 68. Mr. Schneider, of BarroN^-va-¥\M:iLea«^ has publicly stated,! 
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however, that first-class Bessemer rails may probably be made to yield 
a fair profit at XI 3, and we may perhaps look to this as the future price 
of steel, under extended competition and for a considerable time to 
come. We cannot yet say how many iron rails a steel rail may be, with 
certainty, depended upon to wear out. But we believe that no compe- 
tent engineer who has expressed himself upon this subject considers the 
ratio of durability as less than three to one. In such cases we cannot 
adopt any precise data, but the general result of the comparison of the 
first cost, compound interest, and cost of renewal is in favor of steel 
rails, when these are assumed to wear out each three iron rails. Mr. 
Johnson, of the Great Northern Railway, has made a careful calcula- 
tion, the results of which are embodied in a table of much value, show- 
ing the cost, year by year, and the total cost for twenty years, of steel 
and iron rails, at from <£12 to X15 per ton for the former and from X7» 
to «£I0 per ton for the latter, renewals being allowed for, and com- 
pound interest allowed at 5 per cent, on all money as spent. Even this 
does not show the full value of steel, in the increased safety of the line, 
and in the lessened disturbance of relaying, &c.; but the results do show 
that steel may be adopted with confidence, and especially upon all lines 
where the traffic is great, and the consequent wear of rails rapid. From 
what Mr. Johnson has said, we cannot doubt that the Great Northern 
line, which has a few thousand tons of steel rails now in use, will event- 
ually be relaid with them throughout. The Crewe works are of a ca- 
pacity to make three hundred tons of steel rails a week, and between 
fifty and a hundred miles of steel rails are already down on the Lon- 
don and North- Western line. Mr. Harrison of the North-Eastern, is 
using them in considerable quantities. Mr. Fox, of the Bristol and 
Exeter, has found them to be far more durable than iron rails. Mr. 
Fowler and Mr. Ilawkshaw are using them in their practice ; Messrs. 
M'CIean and Stileman have recommended their use; Mr. Berkley has 
abundantly shown their great strength ; and altogether the judgment of 
the profession may be said to have been distinctly pronounced in their 
favor. When worn out, Bessemer steel makes valuable scrap, worth 
from <£7 to <£10 per ton. Mr. Schneider, of Barrow-in-Furness, and 
who, if any one, should know, has stated that the quality of Bessemer 
metal, as now made, admits of its being cut up, piled, reheated and 
welded with nearly the ease, cheapness and certainty of iron itself. 
He finds no difficulty in welding; and the value of worn steel rails may 
be accepted therefore as at least in the same proportion to their origi- 
nal cost as holds good in the case of iron rails. 
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THE SUPPORTING POWER OF PILES. 

Mr. Wm. J. McAlpine, a well known and eminent American engi- 
neer, has furnished us with the following formula for ascertaining the 
* aafe load wbicb pilea will sustain, his experience \)evu£dLmH^\ \\Ki\si ^ 
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number of experiments made daring the constrnction of the dry dock 
at Brooklyn, U. S., between the years 1845 and 1849. The founda- 
tions upon which the docks were constructed, consisted of about five 
thousand piles of round timber, from six to twelve inches in diameter, 
and driven from twenty-five to thirty-five feet deep into the ground, by 
means of piling machines provided with rams of about one thousand 
four hundred pounds weight, falling through a height of forty-five 
feet, between guides bound with smooth iron straps. The material 
over the whole surface, and to the full depth into which the piles 
were driven, was homogeneous, consisting of a fine sharp sand, which 
offered a very uniform resistance. Mr. McAIpine found that a pile 
thirty feet long, six inches diameter at the smaller end, and twelve 
inches diameter at the larger end, sustained about one hundred and 
fifty tons after it had been driven home, until it ceased to move by a 
hammer of a ton weight falling through thirty feet, and that, generally, 
piles of whatever size, and driven home by any weight, possessed a 
supporting power, as shown in the accompanying formula. This power 
was ascertained by loading the pile to be tested with successive weights 
of about five tons each, and leaving these weights in position for not 
less than half an hour. 

The piles, driven home by a ram of two thousand two hundred and 
forty pounds, falling through thirty feet, generally moved under a load 
of one hundred and twenty-five tons ; their supporting power is there- 
fore taken at one hundred tons. 

Let w = weight of the trial hammer = 2240 pounds. 

w'= weight of a hammer proposed to be used. 

F = fall of the trial hammer = SO feet. 

f' = fall of hammer proposed to be used. 

T = sustaining power of the trial pile. 

Y* = weight which the proposed pile will sustain. 

X = extreme weight in tons which the pile will sustain. 

1. Then with the same weight of hammer as used in the trial pile 
and any other fall, 

,_ iooT/y~ 

5-48 

2. And with the same fall, and anj other height of hammer, 

x+2t' 
^ 8 ' 

or, substituting for x and t' their values as^nnd above, 

x=12-23Xt/iq-^^'^. 

Thus, taking the particulars, as stated above, of weight and fall of 
hammer used in driving the pile experimented with during the con- 
struction of the Brooklyn dry dock, we have — 

x=12-28X^86+??|J^=100 tons. 
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From th« London Engineering, No. 52. 

CHILLED WHEELS FOR RAILWAYS. 

We find a long letter on the above subject by W. W. Evans, who 
has for about thirty years been engaged in railway construction in the 
United States and in South America. The writer speaks in the high- 
est terms as to the eflSciency, economy and durability of these wheels. 
Thus he says: '^Having used all classes and kinds of wheels, I am 
able to judge of the merits and demerits of each kind, and I have now 
DO hesitation in saying that the introduction of the cast iron disc- 
wheel (as made in America) on any railway line would effect a great 
economy. The general impression in England is, that the cast iron 
wheel is not safe at high speeds, and that the wrought iron wheel is 
safe. In answer to this, I would say, that the cast iron wheel is used 
often at high speed on the rough roads, and in the severe climate of 
the Northern States and in Canada, without any accidents happening 
from them. I will give a large reward to any one who will produce 
a record of a single accident having happened from the use of such 
wheels as I have used and now recommend. I have traveled many 
thousand miles by rail in the United States, often over very rough 
tracks, often at speeds over fifty miles an hour, often when the tem- 
perature was below zero, (Fahr.,) and I have never been in a train 
where there was a broken wheel, or have I ever seen a broken wheel 
in a carriage on one of our railways. In opposition to this, I would 
state that three winters since, I recollect seeing in the English papers 
accounts of several severe accidents happening in England, from broken 
wheels during some very severe cold weather, and that there were 
various comments on the causes of these accidents, all of which led 
me to believe at the time that the wrought iron wheel was not as safe 
as the cast iron. As to the life of the wheel, I would say, that the 
cast iron wheel will run over one hundred thousand miles ; that many 
have run over one hundred and fifty thousand miles; that there were 
wheels in the International Exhibition of 1862 that had run on one 
of the Canadian railways one hundred and sixty thousand miles; that 
from an official report of the Erie Railway, now before me, I find that 
the lowest average life was thirty-four and three-quarter months, and 
as they estimate their carriage mileage at over four thousand miles 
a month, the run of these wheels was over one hundred and thirty-nine 
thousand miles. The English wrought iron wheel is undoubtedly a 
good and true wheel when first made; but, being of soft material, it 
wears rapidly, and has to be turned true in a lathe, (after running 
twenty-five thousand to thirty thousand miles,) at a cost about equal 
to recasting a cast iron wheel. A wrought iron wheel will stand two 
turnings and sometimes three. The Uread' of the cast iron wheel 
being chilled, and being harder than the best tempered steel, wears 
very slowly. I would mention, that while in St. Petersburg, a few 
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"Weeks since, the manager of the Moscow Railway told me, that they 
had tried every class of wheels, and found none to stand the roughness 
of that road and the severity of that climate but the cast iron chilled 
disc-wheel ; and yet on examining the wheels they had in use, made 
by themselves of Swedish iron, I found them very inferior to the 
T^heels I now propose to introduce here. They also told me at St. Pe- 
tersburg, that they had last winter tried twenty of the German steel 
wheels, and broke five of them during the winter. 

"I would mention that the merits of the cast iron wheel, when com- 
pared with the wrought iron, are greater and more strikingly visible 
on railways running in mountainous countries where the curves are 
sharp and frequent, and where the gradients are steep, requiring the 
use of the brakes the whole length of the descending gradients. These 
wheels, if once introduced on the mountain roads of India, will never 
be abandoned. I sa^ this on the strength of their having been adopted 
on every railway where they have been tried. 

" I will not copy any portion of the mass of evidence which I have 
before me, in letters from resident engineers and managers of railways 
in the United States, in reference to the merits of the cast iron chilled 
wheel, but enclose to you a copy of a letter from Alexander M. Ross, 
who was the English engineer of the Grand Trunk Railway in Canada, 
knowing that such testimony is all that would be required by any man 
who will allow himself to investigate the truth of a subject. With 
Buch evidence, it will be hard for any one to doubt the merits of the 
cast iron wheel. ****** Messrs. Anthony Gibbs k 
Sons, of London, who are the chief proprietors of the Lima railways 
of Peru, can also tell you about these wheels, as I have recently sent 
to their railways a new set of cast iron wheels to take the place of the 
wrought iron wheels now in use there on their old carriages. Their 
American carriages had cast iron wheels, which have been running 
since 1858. The cast iron wheels on the Arica and Tacno Railway, in 
Peru, have been running since 1855. I am told by Mr. John Higan, 
of 11 New Broad Street, that there has not been any new wheels sent 
to that road since I finished it in 1856, yet those wheels were not in any 
way equal to the best wheels now in use. Last week I had one of these 
cast iron wheels broken at the Bow Station of the North London Rail- 
way in the presence of some engineers. The sledges used were of twenty- 
eight pounds each. Three hundred and twenty blows (many of which were 
with two hammers) were struck before the stout smiths engaged in the 
work could break out a piece; as many more blows were struck before 
they broke the wheel to pieces, and then being unable to break the 
boss or centre, it was placed under a steam hammer of great power 
and destroyed." 

This is very strong evidence, and must go far towards convincing 
those abroad of what we on this side of the Atlantic know so well. 
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LECTURES ON VENTILATION. 

Delivered before the Franklin Institute, by L. W. Leeds, Esq. 

LECTURE I. 

Philadelphia is one of the healthiest cities in the United States, 
and, in proportion to the number of its inhabitants, few more healthy 
cities exist in the world. 

This is not owing especially to its mere healthy situation, but should 
be attributed, in a great measure, to the accidental superiority of the 
ventilation of a large proportion of its dwelling-houses. 

Notwithstanding this comparative excellence, the theory of ventila- 
tion is not so thoroughly understood, nor is the practice so perfect, 
even in this city, that no advantage can be gained by further know- 
ledge upon this subject. 

Far from it. From the very best information we can command, and 
with the most accurate statistics at our disposal, we are forced to the 
conclusion that about forty per cent, of all the deaths that are con- 
stantly occurring are due to the influence of foul air. 

The Registrar of Records of New York gives nearly half the deaths 
in that city as resulting from this cause. 

The deaths in this city for 1865, according to the report of the 
Board of Health, were seventeen thousand one hundred and sixty- 
nine ; the average age of those who died was between twenty-three and 
twenty-four years. It ought to have bfeen twice that, as shown by some 
districts in the city and also in the country, where the houses are so 
arranged that they frequently have good ventilation. 

Taking the deaths caused by foul air at a very low estimate, say 
forty per cent, of the whole, (the per centage from that cause is not 
80 great as in New York,) we have six thousand eight hundred and 
sixty-eight deaths in this city, caused alone by impure air, in one year. 

It is estimated by physicians that there are from twenty-five to thirty 
days of sickness to every death occurring ; there would therefore be 
something like two hundred thousand days of sickness annually as an 
effect of foul air. 

We all know how very expensive sickness is, but few persons realize 



186 MECHANICS^ PHYSICS AND CHBMISTRT. 

the enormous aggregate expense of unnecessary sickness in a cit j like 
Philadelphia.* 

This subject has awakened much interest in Europe of late years, 
and has led to the expenditure of immense sums of money, for the pur- 
pose of improving the sanitary condition of their cities. 

Dr. Hutchinson estimated the loss to the city of London, growing 
out of preventable deaths and sickness, at twenty millions of dollars 
annually, and Mr. Mansfield estimates the loss from this cause to the 
United Kingdom at two hundred and fifty millions of dollars. 

In the single State of Massachusetts, an estimate exhibits an annual 
loss at over sixty millions of dollars by the premature death of persons 
over fifteen years of age. 

It is estimated that a few only of the principal items of expense in- 
curred by preventable sickness in the city of New York amounts to 
over five millions of dollars annually. 

And if it is thought that Philadelphia is exempt from such enormous 
unnecessary expense, just glance at the report of the Board of Health 
for last year and see how the deaths from disease of the lungs largely 
exceed those from any other disease. 

Consumption is almost entirely the result of breathing impure air, — 
it is as preventable by the exclusive use of pure air as mania potia or 
drunkenness is by the exclusive use of pure water. And see, too, what 
slaughter among the innocents; over twenty-five per cent, of the whole 
deaths were under one year of age. 

The infantile mortality is by many considered the most delicate 
sanitary test. But why does such an intelligent community as this 
BO neglect its own interest? 

They have listened to and satisfied the first imperative demands of 
nature — shelter from the elements and warmth, — and in doing this 
they have not brought into use that much higher order of intellect 
that can alone teach them how to supply, in connection with an agree- 
able warmth, an abundance of pure air in their otherwise air-tight 
houses. 

I have been much interested in examining a large collection of tables 
of the analysis of air, which accompany a report to Congress, on 
" Warming'and Ventilating the Capitol," prepared by Thomas U. 
Walter, Professor Henry and Dr. Wetherill. These tables were made 
by men of various nations, giving the results of their analysis of air 

* I mean merely pecuniarily — in dollars and cents — the costin physical pain txA 
mental anxiety, of course, cannot be computed in dollars and cents. 
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taken from all manner of places, from great elevations on the moun- 
tains and in balloons, from the valleys, from the centre of the ocean, 
and from the middle of the continent; in cities and in the country, in 
winter and in summer, at night and in the day, and also the compara- 
tive analysis of the air out of doors and in hoiises. Believing that 
these would be of much interest and assistance to us in the investiga- 
tion of the subject under consideration, I have had copies made of 
some of the most interesting. 

These give the per centage of carbonic acid in the air as the test of 
the amount of impurities in it. 

This is not an infallible test by any means — there are various other 
causes of deterioration. There is the exhaustion of the oxygen con- 
stantly occurring to support combustion and animal life ; there are 
various other deleterious products of combustion and respiration be- 
sides carbonic acid. But, as carbonic acid is always found in certain 
known proportions in pure air, and is always formed in certain known 
quantities by respiration or combustion, it is considered by many to 
give a very fair indication of the condition of the atmosphere with 
reference to its influence on animal life or combustion. 

I think one of the most valuable lessons to be learned by the study 
of these tables is the uniform purity of the external atmosphere all 
over the world, even in large cities. 

This is strikingly illustrated in the case of the analysis of the air 
in the city of Manchester. 

We have nothing in this country like that city, where two millions 
of tons of coal are burned annually, the smoke from which fills the air 
and stretches like a black cloud far into the country. 

This added to the five hundred tons of carbonic acid thrown from 
the lungs of its animal life every day, are many times that amount, 
(some two thousand tons,) daily, pouring out from its forest of factory 
chimneys. 

To this city were the labors of the ^'Health of Towns Commission" 
first directed, to see if they could not find in the air of its streets that 
mysterious influence that has caused such alarm throughout the civil- 
ized world, as the thoughtful and intelligent sanitarian sees one-half 
of all his fellow-citizens hurried to untimely graves. 

They were dissappointed, and well might Dr. Smith exclaim, after 
the most thorough and careful investigations, ^'How insignificant are 
the works of art in contaminating that vast ocean of air that is con- 
stantly sweeping over the surface of the earth ! " But do not be dis- 
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couragcd : more recent investigations have discovered the whereabouts 
of this pestilential breath. 

I have placed the table of Dr. Angus Smith's analysis of the air of 
Manchester at the head of the list, and have copied it complete, because 
it is the only table that I have examined of the analysis of the air of 
towns in Europe or North America, in which there occurs an amount 
of carbonic acid exceeding ten parts in ten thousand. 

Here we see three such cases in the twenty-eight experiments, one 
ten, one twelve and one fifteen. 

The average of the whole is also greater than in any other similar 
tables, being about seven and a half parts in ten thousand* This is 
certainly quite a perceptible contamination, pure air containing four 
or four and a half parts in ten thousand. Yet considerable as this 
appears in this view, the additional amount of carbonic acid is only 
the proportion that would be added to the air, if unchanged, of a room 
fifteen feet square and ten feet high, by a father, mother an*d three 
children, with a gas-light, in seven minutes. 

And this, probably, is the highest average contamination that is 
produced by artificial means upon the air of any city in the world. 

There are, of course, great natural causes which aifect the air of 
whole countries, such as the decomposition of great masses of vege- 
table matter similar to that occurring on the low, flat lands along rivers, 
especially where they overflow their banks, like the Ohio and Missis- 
sippi. The best system of ventilation, as applicable to this kind of 
foul air, is to keep as far out of its reach as possible. 

The other tables giving the analysis of the air of London, Paris, 
Madrid, Geneva, Bolton, England, at various elevations on the moun- 
tains, on the Atlantic Ocean, Washington City and various other places, 
are interesting only because they show so great a uniformity in the 
carbonic acid, seldom exceeding six parts to the ten thousand, and sel- 
dom under four. 

But now let us look upon the other side of the room. Here we have 
tables giving the "carbonic acid in houses." Here we will find very 
difierent results. But the first is a green-house, in that there is no 
trace of carbonic acid in the evening and scarcely a trace in the morn- 
ing. Plants, you know, absorb the.carbonic acid, and give off oxygen, 
while animals absorb the oxygen and give off carbonic acid, thus keep- 
ing up the equilibrium in nature, as is so beautifully shown in the aqua- 
rium. Plants are generally supposed to give off carbonic acid at night, 
but it must be in very small quantities. 
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I consicler them very conducive to health in a living-room, morally 
and physically. 

But this want of carbonic acid does not last long. 

The next is M. Dumas' lecture-room. At commencement of lecture 
42*5, and at close of lecture 67 parts in ten thousand. 

Now, I think we are on the right track for discovering that myste- 
rious poison that has carried so many of our friends to their graves, 
even in the very prime of life. 

Here we have dormitories, 52; do., 87; asylum, 17; school-room, 
80; do., 66; Chamberof Deputies, 16; Opera Comique, parterre, 15; 
do., ceiling, 28; stable, 7; do., 14; hospital, Madrid, 80; do., do., 
48; air of bed-room on rising in the morning, 48; the same after 
being ventilated two hours, 16; pailroad car, 84; workshop, Munich, 
19; full room, do., 22; lecture-room, 32; beer-saloon, 49; and, worst 
of all, is a well-filled school-room, 72 parts of carbonic acid in 10,000. 

That, I think, is enough. Here we have the solution of the whole 
mystery. 

It is not in the external atmosphere that we must look for the greatest 
impurities, but it is in our own houses that the blighting, withering 
corse of foul air is to be found. We are thus led to the conclusion 
that our own breath is our greatent enemy. 

The "Health of Towns Commission," in their investigations, after 
examining various trades, where the employees were confined mostly 
in houses, and having left the scavengers to the last, expecting to find 
a rich harvest of mortality among them, were much surprised to find 
them more healthy than many very clean occupations, but which were 
conducted in houses instead of in the open air. I have not the sta- 
tistics before me, but I should not be surprised to learn that that sin- 
gular race of beings that live in the sewers of Paris were as healthy, 
if not even more so, than the operatives of some of those exquisitely 
beautiful, clean, air-tight factories of New England. 

There was quite an account made a few years ago of the wonderful 
cures of consumption that had been performed by the patient being 
removed to the stable where ho could be in close proximity to the cow, 
and I have no doubt many consumptive patients would find great 
benefit by such a course of treatment, not that there is any virtue in 
the smell of the cow, but that the air of the cow-stable would be nearer 
pure than that of their own chamber. 

Many go or send their families to the country in summer to get fresh 
air. Some go to the sea-side, others to the mountains; but there en- 
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sues a greater change in a few minntes in a close bed-room by being 
occupied by a family than there is difference between the external air 
of any city and that of the country. 

The reason why cities are ro much more unhealthy than the country, 
is not because the air in the street is so much more impure, but be- 
cause the houses are so built together that this vast ocean of air can- 
not get at and through them to purify them as it does in the houses iu 
the country, and the reason why Philadelphia is so much more healthy 
than its neighbor, New York, is because the houses here are built more 
like those of the country, so that the air can sweep all around them, 
and sometimes through them. 

I therefore believe, that a family living in the filthiest street in our 
city, if they were careful to have a constant current of air from that 
street, filthy as it was, passing through the house at all times, night 
and day, would be more healthy, other things being equal, than a 
family spending their winters in the finest house, if kept air-tight, ia 
the healthiest location in the city and their summer in the country, 
especially if they were always careful to exclude the night air from 
their bed-rooms. 

I say "night air;'* — there is, unfortunately, an unnecessary preju- 
dice against what is termed night air, which means, I suppose, fresh 
external air from the dark. 

To show that this is not a new idea, I will read a few lines from the 
writings of a very accurate reasoner and an eminently practical me- 
chanic and philosopher, one who I consider even now one of the very 
best authorities upon the subject of heating and ventilation. I mean 
the illustrious man after whom this Institute was named, Benjamin 
Franklin. 

In his letter to Dr. Ingenhaus, physician to the Emperor, at Vienna, 
he says: * * * * ttf^i. gome are as much afraid of fresh air as 
persons in the hydrophobia are of fresh water. I myself had formerly 
this prejudice, — this aerophobia, as I now account it, — and dreading the 
supposed dangerous effects of cool air, I considered it an enemy, and 
closed with extreme care every crevice in the rooms I inhabited. Ex- 
perience has convinced me of my error. I now look upon fresh air as 
a friend : I even sleep with an open window. I am persuaded that no 
common air from without is so unwholesome as the air within a close 
room that has been often breathed and not changed. Moist air, too, 
which I formerly thought pernicious, gives me now no apprehensions; 
for considering that no dampness of air applied tp the outside of my 
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skin can be equal to what is applied to and touches it within, my 
whole body being full of moisture, and finding I can lie two hours in 
a bath twice a week, covered with water, which certainly is much 
damper than any air can be, and this for years together, without 
catching cold, or being in any other manner disordered by it, I no 
longer dread mere moisture, either in air, or in sheets or shirts; and 
I find it of importance to the happiness of life, the being freed from 
vain terrors, especially of objects that we are every day exposed in- 
evitably to meet with. 

"You physicians have of late happily discovered, after a contrary 
opinion had prevailed some ages, that fresh and cool air does good to 
persons in the small-pox and other fevers. It is to be hoped, that in 
another century or two we may all find out that it is not bad even for 
people in health. And as to moist air, here I am at this present writ- 
ing in a ship with above forty persons, who have had no other but moist 
air to breathe for six weeks past; everything we touch is damp, and 
nothing dries, yet we are all as healthy as we should be on the mountains 
of Switzerland, where inhabitants are not more so than those of Ber- 
muda or St. Helena, islands on whose rocks the waves are dashed into 
millions of particles, which fill the air with damp, but produce no dis- 
eases, the moisture being pure, unmixed with the poisonous vapors aris- 
ing from putrid marshes and stagnant pools, in which many insects die 
and corrupt the water. These places only, in my opinion, (which, how- 
ever, I submit to yours,) afford unwholesome air; and that it is not 
the mere water contained in damp air, but the volatile particles of 
corrupted animal matter mixed with that water, which renders such 
air pernicious to those who breathe it; and I imagine it a cause of the 
same kind that renders the air in close rooms, where the perspirable 
matter is breathed over and over again by a number of assembled 
people, so hurtful to health. 

"After being in such a situation many people-find themselves affected 
by that febricula, which the English alone call a cold, and, perhaps, 
from that name, imagine they have caught the malady by going out 
of the room, when it was, in fact, by being in it." 

Now, to show that his hopes have not yet been fully realized, although 
one century has nearly closed since he wrote what I have just read, 
and this unnecessary and unfortunate prejudice against night air still 
prevails extensively, I will read a few lines from the highest public 
medical authority in this city. It is the instructions of the Board of 
Health for the prevention of cholera for 1866: 
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"Your premises, particularly sleeping apartments and cellars, should 
be thoroughly ventilated. Ventilation is no less a purifier than water. 

"It cleanses by oxidizing and drying. Keep your houses open and 
your windows hoisted during the day in good weather, and from ten 
o'clock until four in the afternoon, that they may have the full benefit 
of sunlight and free circulation of pure air. During the remaining 
hours of the datfy and through the nighty keep the windows closed. 
When the weather is cool or rainy, be sure to keep a fire in the house, 
in order to prevent dampness, or in sparsely settled neighborhoods, or 
in the suburbs of the city, have a fire in the house the entire season." 

On page 9 we read: "Be careful to dress comfortably for the season, 
avoid the night air as much as possible, and when thus exposed, put 
on an extra garment and do not go into the night air when in a state 
of perspiration.** 

Thus, while recognizing the great value and importance of ven- 
tilation in a general way, they give the most definite instructions for 
thoroughly and most effectually preventing it, because it is at night, 
especially when we are asleep and cannot move from the air, that the 
air ought to he moved from us. 

The frequent recommendations to avoid "night air*' are simply 
recommendations to smother ourselves to death, because the foul, poison- 
ous exhalations from our lungs cannot be removed from our chambers 
without being replaced by night air ; there is no other fresh air at night 
but night air. 

The recommendation to build a fire in the house on cool days, and in 
low marshy districts every day in the year, is an excellent one. 

The recommendation to dress warmly and to avoid checking a per- 
spiration suddenly, are valuable suggestions and too much attention 
cannot be paid to them. 

But they are of equally great importance in reference to day air as 
to night air. 

To shelter himself from the sudden change of temperature after sun- 
down is an animal instinct, and a very necessary one, which is strongly 
implanted in man and beast alike. 

The harm comes from the fact of so intelligent and intellectual a 
body as the Board of Health of Philadelphia encouraging the ac- 
complishment of this very desirable object, by thwarting that great 
universal law of our Creator, the ceaseless agitation of the air bj which 
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it parifies itself, (and b j which perversion of nature's laws millions are 
already being killed unnecessarily every year,) instead of their en- 
couraging its accomplishment in that much more healthy and rational 
way by adding more clothing or more fuel to the fire, and still con- 
tinuing to breathe the pure air at night as well as in the day-time. 

I have practised for many years sleeping with my windows open 
every night, summer and winter, allowing the unobstructed breese to 
flow across my bed, to the great improvement of my health and strength. 

There is no objection in a well ventilated room to having a fire if 
desired. A small room with a hot stove or open fire and the windows 
opeOy is much more wholesome than a large air-tight room freezing cold. 

( To be continued. ) 
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SUPPOSED NATURE OF AIR PRIOR TO THE DISCOVERY 

OF OXYGEN. 

By GsoBOE F. Bodwsll, F.O.S. 

XV. John Mayow. — We have mentioned in the preceding paper 
Antj from an early period in the history of physical thought, the sci- 
entific had admitted a relationship between the air and nitre, undefined, 
indeed, and unintelligible, yet too palpable to be denied. The flexity 
of this theory is proved by the fact that it was maintained by philoso- 
phers who differed in the generality of their views, and who were more 
wont to oppose each other tnan to agree even upon the most trivial point. 
In this instance they acknowledged the main fact, and only differed as 
to the precise nature of the relationship. Towards the middle of the 
seventeenth century the theory was established upon a firmer basis ; it 
was inevitable, in a period when the physical sciences began to engage 
the serious attention of mankind, when scientific literature was on the 
increase and new instruments and modes of research were perpetually 
invented, while experimenters were arising on all sides, it was inevitable, 
vre say, that the value of a theory which had endured for so long a time 
should be critically examined. 

We have before mentioned that Robert Hooke was the first who threw 
■laeh light upon the subject, by asserting as part of his theory of com- 
bustion* that there is ''a substance inherent and mixed with the air 
which is like, if not the very same, with that which is fixed in saltpetre/* 

* For an aoconnt of this theory see the tenth of theie papers, Chemical NewB fat 
Miniary 17th, 1S66. 

- Vol. Lm. 14 
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and which is the "dissolvent" of combustible bodies. Unfortunately, the 
experiments upon which this theory was founded were never published, 
and we are thus left completely in the dark as to their nature and the 
extent to which wo may rely upon them. 

IIooke*8 theory of combustion was eagerly embraced by an Oxford 
student named John Mayow,* who in 1674 published a volume of es- 
Bays,t in which he extended the theory, and detailed a number of very 
ingenious experiments in support of it. 

Mayow commences his treatise by affirming that nitre consists of 
an alkaline salt united with an acid, which latter derives its active prin- 
ciple from the air. This principle produces combustion, and is the cause 
of acidity. Mayow calls it "/re-air," ^^ nitre- airy** and ^^ nitro-aitrial 
Bpirity* indiscriminately. It will perhaps be most convenient for us to 
speak of it throughout, as nitre-air. The atmosphere docs not consist 
entirely of nitre-air, as is proved by the fact that when a candle is al- 
lowed to burn in a jar of air standing over water, a portion only of the 
air is consumed. Nitre-air is not itself combustible, but it causes com- 
bustible bodies to be consumed by producing a fermentation (/ermen- 
tatio\ for combustion is a very destructive kind of fermentation. Nitre 
contains no combustible matter, as may be proved by throwing a small 
quantity into a red-hot crucible, when it will be observed that igni- 
tion will not take place until some combustible body has been added. 
Nitre-air is condensed in large quantities in nitre. It is for this reason 
that combustible bodies mixed with it can burn in vacuo, or under water. 
But although the nitre-air is all contained in the acid of nitre, the latter 
cannot inflame combustible bodies when poured upon them, because the 
nitre-air particles are surrounded by particles of water. It is needless 
to remark here, that Mayow was unacquainted with the now familiar 
experiment of pouring turpentine into nitric acid. 

Mayow attributes the increase of weight experienced by antimony 
during calcination, to the fixation of nitre-air, a supposition borne out 
hy the fact that he procured a substance exactly resembling calx of 
antimony, by treating the metal with nitric acid, and evaporating. Vit- 
riol of iron is produced from marcasite by nitre-air forming an acid with 
the sulphur of the mineral, which acid unites with the iron. Bust of 
iron is formed by the union of nitre-air with iron. Vitriol of iron is a 
perfect vitriol, while rust is an imperfect vitriol. 

Nitre-air is present in all acids; sulphuric acid is produced by the 
union of nitre-air particles with sulphur ; wines are changed into vine- 
gar by the assimilation of nitre-air from the atmosphere. Nitre-air is 

* Born 1646, died 1679. 

f This work is entitled **Tractatu« quinque Medico-physici. Quonim primoa tgit 
de 6al-nitro et spiritu nitro-aereo. Secundus de Respiratione. Tertiua de Beapira- 
tione foBtus in utoro et ovo. Quartus de Motu Musculari ot spiritibus animaliboi. 
Ultimus de Rachitido. Studio Job. Mayow, LL.D. et Medici, nee non Coll. Omn. 
Anim. in Univ. Oxon. Socii.— Oxonii, 1674." The Vice-Chancellor's order for 
printing the work is dated July 17th, 1678. It was therefore completed In Mayow*! 
twenty-ninth year. The first edition is very scarce, but the 1681 edition printed at 
the Ha^e, is comparatively common. The treatise on respiration waa ftittpubUibed 
in 1668, in Mayow's twenty-third year. 
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also the cause of fermentation and of putrefaction; hence bodies covered 
with butter or oil, or otherwise kept out of contact with the atmosphere, 
do not pntrefy. 

Mayow treats at some length of the analogy between respiration and 
combustion, and we are here introduced to the first experiments in 
pneumatic chemistry. 

A piece of camphor dipped in melted sulphur was supported ia ft 
glass jar, A, Fig. 1, standing over water. As stoppered air jars were 
Dot known at the time, (from the 
simple fact that they had hitherto ^'8' '• 

been unneeded,) Mayow was ob- 
liged to adopt some special means 
for rendering the height of the 
water inside and outside the jar 
the same. He effected this by in- 
troducing a small siphon, b, which 
was placed in the position shown 
in the figure during the depression 
of the jar into the water vessel, c, 
and was afterwards withdrawn. 
The camphor was then fired by the 
lens, D. When it was extinguished, 
and the water had ceased to rise 
into the jar, he attempted to fire 
the remaining camphor, hut with- 
oat success. 

In order to prove that air is di- 
minished in volume by breathing, Mayow procured an open glass jar, 
A, Fig. 2, and tied firmly over the opening a piece of bladder, B, upon 




Pig. 2. 



vfaich heinverted a cupping-glass, c, containing 
a mouse. The edges of the cupping-glass were 
pressed firmly upon the bladder, so as to pre- 
vent communication with the outer nir. It was 
soon observed that the bladder was pressed up 
into the cupping-glass, because, says Mayow, 
an inequality of pressure has been produced by 
the diminution of the bulk of air witbin the 
cupping-glass caused by the breathing of the 
mouse. 

The experiment was modified hy placing the 
mouse in a vessel inverted over water, when it 
was found that water rose into the vessel aa the 
animal continued to breathe, and by roughly 

Saduating the vessel Mayow calculated that 
e air iras diminished one-fourteenth hy breathing. He then attempted 
to ignite combustible matter in a closed vessel in which an animal had 
been suffocated, hut without success, a proof that air which is unfit to 
tnpport life is also unfit to support combustion. It was thus conclusively 
proTed, that dariog the processes of respiration and comhiution there 
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is a something abstracted from the air necessary for the maintenance 
of those processes, and that the residue is unfit to support either life 
or combustion. 

A mouse was placed in a jar of air inverted over water, together with 
a lighted candle ; the latter speedily went out, and the mouse lived only 
half the time that a mouse lived in the same bulk of air when the can- 
dle was not present; hence, argues Mayow, respiration and combustion 
both deprive the air of the same kind of matter, viz : of nitre-air. 

Air deprived of its nitre-air particles is lighter than atmospheric air, 
because a mouse placed near the top of a closed vessel of air dies sooner 
than when it is placed near the bottom of the vessel ; and if we take two 
mice, and place one at the top and the other at the bottom of a closed 
vessel, that at the top will die before the other. 

Mayow made several experiments to determine whether air can be 
generated de novoj and the first artificially produced gas which he ex- 
amined, in order to ascertain whether it was atmospheric air, was hy- 
drogen, which, as we have seen, was procured some years previously by 
Boyle. In order to determine whether this gas was capable of as much 
expansion as air, Mayow made the following experiment: Hydrogen was 
procured by inverting a vessel of water over small pieces of iron placed 
in a vessel containing dilute sulphuric acid, and some of the gas was 
transferred'*' to a graduated tube in sufficient quantity to occupy the 
space of one division. The tube, with its lower end dipping beneath the 
surface of water, was then placed under an air-pump receiver, which 
was exhausted as completely as possible. The gas expanded to about two 
hundred times its original volume, and atmospheric air was not found 
to expand to a greater extent. It was thus ascertained that this pro- 
perty is common to both kinds of air; but the experiment proves no- 
thing as to the nature of the generated air, because Mayow had pre- 
viously found that air in which a candle had been extinguished was 
capable of expanding to a similar extent. 

In order to ascertain whether air procured from iron filings and di- 
lute sulphuric acid was respirable, Mayow placed a mouse in an inverted 
vessel partially filled with air, and noted the length of time before it 
died. The same volume of air was then passed into a similar vessel, a 
mouse introduced, and a large volume of hydrogen transferred to the 
vessel ; but the mouse lived scarcely longer than its predecessor, whereas 
if the new air were respirable it ought to have lived two or three times 
longer. Mayow attributes the fact of its living rather longer to the di- 
lution of the nitre-air particles by the introduced gas, and the conse- 
quent prevention of their rapid consumption. 

We nave seen that almost every writer on the nature of the air has 
touched upon the subject of respiration. In the first of these papers 
we have the theories of Plato and Aristotle: in almost the last that of 
Boyle. It was natural that a question so intimately connected with life 

* The gu was transferred from one vessel to another by the method adopted in 
the present dav, which, we belieye, was devised by Mayow, since we have teen no 
iDiotion of it in any work earlier than the treatise we are considering. 
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shoTiId from the earliest ages engage the attention of mankind. Indeed, 
almost the only evidence which the ancients possessed of the existence 
of air was derived from its necessity to animal life. From the continued 
observation that the cessation of breathing was the cessation of life, 
the belief became prevalent that the soul passed from the body with the 
last expiration of air ; hence the expressions ^^efflare animamy** ^^ex- 
Kalare animam,'* ^^expirare animam.'' Again, icviv/ia, ipiritus^ and 
anima^ have each the triple meaning of soulj breath and wiridy and 
Mr. Hodges informs me that in Hebrew the word ;;u means ^^efflare anu 
mam;** also that nn has the three meanings of soulj breath and wiTid. 
The close connection existing between the function of respiration and 
the principle of life being thus clearly recognized and acknowledged, 
we cannot wonder that a number of theories were promulgated in every 
age to account for the precise nature of that function. 

The more important of these theories were combated by Mayow in 
a treatise ''On Respiration," which was far in advance of those of all 
previous writers on the subject. He had proved that only the nitre-air 
particles of the air are necessary for the support of life, and he contends 
that these particles are absorbed by the blood, whilst the rest of the air 
is rejected. The absorption of nitre-air produces heat in the body, and 
it is the object of respiration to produce animal heat, which arises from 
a kind of fermentation caused by the union of nitre-air with the com- 
bustible particles present in the blood. In like manner muscular motion 
is caused by nitre-air uniting with combustible particles in the structure 
of the muscle. During violent motion we breathe quickly, because nitre- 
air is required in greater quantity than when we are at rest, to supply the 
greater amount of muscular motion called into activity; and as com- 
bustible particles are removed very rapidly from the body under such 
circumstances, we require food containing a large quantity of such par- 
ticles before and after violent action. When the chest is expanded, air, 
by its elastic force, rushes into the lungs, which are composed of a 
nnmber of minute bladder-shaped membranes, through which nitre-air 
passes to the blood. 

Mayow's work is remarkable in several respects. In it he conclu- 
sively proved that respiration and combustion are analogous processes. 
He upset the four-element theory by demonstrating the compound na- 
ture of air, and he recognized oxygen and nitrogen as clearly and al- 
most as notably as they were recognized a hundred years later — the 
one the supporter of life and combustion, the principle of acidity, and 
the cause of fermentation and putrefaction, heavier than atmospheric 
air; the other incapable of supporting life or combustion, and lighter 
than atmospheric air. We find, moreover, in this work the dawn of the 
idea of chemical affinity, in the "fermentation" which he speaks of as 
taking place between nitre-air and combustible particles, and as tend- 
ing to the production or destruction of things. Mayow even employs 
some of the terms in general use in the present day. Thus he speaks 
of ^^affinataa*' existing between acids and earthy substances, and uses 
the words ^^combinetur*' and ^^eombinentur*' inspeakingof the'' con- 
gre99U$y of different substances. 
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The treatise is characterized by much clear and condensed thought, 
well-sustained argument and accurate reasoning. Moreover, we seldom 
meet with instances of too hasty generalization, always the dominant 
source of error in the early development of a science. We further ob- 
serve a great advance towards that exact and discriminative mode of 
thought which is necessary for the investigation of chemical phenomena. 
The period in which Mayow wrote was, as regards chemistry, a period 
of transition ; there was as yet no work on scientific chemistry, yet 
Mayow's treatise approached more nearly to such a work than that of 
any of his predecessors. The works of previous writers in this direction 
belonged to one of the three following classes: They were either che- 
mico-metallurgic, chemico-medical, or alchemical treatises, or they par- 
took of the nature of all three. The publication of works on alchemy 
was fast waning before the advances of the new philosophy; for a 
superstition retreated, and as men began to devote their energies to the 
legitimate investigation of Nature, a false and chimerical art must of 
necessity cease to find votaries. Mayow was the. first to discuss the in- 
timate nature of an intangible body. Other writers had treated of the 
air as a whole, but no one had endeavored to ascertain the nature of 
its internal constitution, or to determine why it produces certain changes 
in surrounding bodies, upon what these changes depend, and the nature 
of the constituent or constituents of the air producing them. The old 
dogma of the elemental nature of the air was received as an absolute 
truth, although entirely unproven. It was thought that a theory which 
had been received since the earliest ages must of necessity be correct, 
and no attempt was made to disprove it. 

We see from the above that it was the investigation of the nature of 
nitre which led to the knowledge of the constitution of the air. Mayow 
remarks at the commencement of his treatise, that so much had been 
written about nitre that it would appear ^^ut sal hoc admirablile turn 
minus in phihsophiUy quam hello^ strepitus ederet; omniaque sanitu suo 
impleret ^^ And, indeed, from the time of Mayow, nitre has made almost 
as much noise in philosophy as in war. If, on the one side, it has sub- 
dued unruly factions, has it not, on the other, destroyed obstinate theo- 
ries? If it has dispersed turbulent assemblies, has it not dissociated the 
most firmly united compounds? New dynasties have arisen by its aid, 
alike in the realms of the earth and of philosophy. The greatest of the 
philosophic dynasties which has thus arisen was established by Mayow, 
and it has endured almost unchanged to the present day, a monument 
alike to his ingenuity, his perseverance and his scientific ardor. 

( To be continued. ) 



(Continued from page 32.) 

BALL AND SOCKET JOURNAL-BEARINGS. 

By Coleman Sellers. 

When journals are to be supported by bearing, attach to wooden 
frames, or to any frames which are likely to bend or twist, or when di« 
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shftft between the journals, even in a rigid frame, is liable to be bent 
or sprang in working, there the proper bearing is one that can ac- 
comodate itself to the varying position of the shaft, and insure an uni- 
form pressure over the whole surface, as, for example, in the line 
ahafting for conveying and distributing power. Such lines are usually 
suspended from the girders or ceiling of the room, or attached by 
brackets to posts, &c., and are liable to be thrown out of line by the 
Battling' of the floors from loads, and other causes. 

What is now known as the ball and socket hanger for this purpose, 
is a species of journal-bearing or box formed with a spherical surface 
in the centre of each half of the journal-bearing, so made that the cen- 
tre of the sphere thus formed coincides with the axis of the journal and 
is equi-distant from each end of the box. This bearing is then held 
between concave surfaces, like a ball-joint, and while it is held central 
its ends are still free to vibrate a short distance in any direction, so 
that the journal in rotating in the box, controls the positions of the 
bearing so far as its general surface is concerned, but the bearing holds 
the journals in line. Hangers made with ball and socket-bearings of 
this kind are also provided with means of adjustment, so that settling 
of the buildings, &c., having thrown the shafting out of line, the bear- 
ings can be reclined without disturbing the attachment to the building. 

In using cast iron for journal-bearings of this kind, it has been found 
that when the bearing is made four times as long as the diameter of 
the journal, a sufficient surface is obtained. This rule holds good up 
to say 4} inches diameter of journal. For longer shafts it is customary 
to somewhat shorten the bearing, thus making 5 inch journal 18 inches 
long; 5| inch and 6 inch, 20 inches long; 7 inch, 22 inches long and 
8 inch 24 inches long. 

The distance from centre to centre of the hangers, of line shafting, 
should be, if possible, uniform, and practice has shown that to use the 
least amount of material to do a given work, this distance should be 
for If inch and 2 inch shaft, 7 feet and not over 8 feet, and for larger 
sizes, up to 3| or 4 inches, 8 feet and not over 9. The size of shaft 
to do a given amount of work, i,e.y receive and distribute a given 
amount of power, can be determined very conveniently by a table 
published at page 175, Pocket-book of MechanicB^ by J. W. Nystrom. 
In this the number of revolutions of wrought iron shafts per minute 
being given in the top row of figuring, and the horae-power at the side 
column. The table shows size of shaft required for each case. Thus, 
for 60 horse-power, a shaft 5*38 inches diameter will be required, if. 
the j^aft makes only 40 revolutions per minute^ but if it is to make 120 
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rerolntions per minate, the proper sized shaft would be S-73 inches. 
Now, this holds only for the first shaft, or that to which the power is 
applied from the engine, and in continuing the line and dbtribating 
the power, the shaft may gradaally decrease in size, the rate of such 
decrease depending upon the nature of the work done at various poiots. 
As an example of the advantages of cast iron jonroal-bearing arranged 
in this tnanner, I may cite the case of a 24 inch circular saw, having 
its mandril journals fitted with solid cast iron ball and socket-bflaringi, 
t.e, with a box not made in halves, and therefore not capable of being 
closed up to compensate for wear, having been in daily use for over 
fifteen years and yet showing no appreciable wear. 
( To bs continued. ) 
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(Continued from page 64.) 

LECTURES ON ELECTRICITY AND LIGHT. 

I)e)iTer«d before the Franklin Inititnta, bf Paor. Hehby Mobton, Pb.D, 

Havutq acquired a general idea of the actions of the electric fluids 

D relation to the friction of dissimilar bodies, by the means already 

Fig. 4. 




desoribed. we are in condition to understand the operation of those 
■ by which these fluids are separated in a eonrenietit an* 
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ner and iu large quantities. Such instrnments are known by the 
general names of Electrical Machines. The first and simplest of 
dieso is the Cylinder Machine. The form and structure of this ap- 
paratus is so familiar to all, that we will devote but a few words to its 
description, and then draw attention to a few points, of importance in 
securing from it the best effect, which are sometimes overlooked. 
A cylinder of glass, a b, which does not contain either lead or soda, 
is mounted on an axle of dry wood, or is supported by wooden caps, 
secured independently at either end. These caps are supported in 
journals, and to one a winch, a, is attached, with a handle for turn- 
ing. A rubber of soft leather, R, is so placed as to press upon the 
cylinder as it rotates, and on the opposite side is arranged a large 
rounded conductor, h c, on an insulated support, n, and provided with 
a comb, or row of sharp metallic points, directed towards, and ap- 
proaching closely to, the glass cylinder. It is hardly necessary to 
add that the electricities are separated by the friction of the glass and 
rubber, and that the positive fluid, going round with the glass, is taken 
off by the sharp points, and accumulated in the insulated body, which 
is called the prime conductor. To obtain the best effects from this 
machine, the rubber should be a good conductor, and in connection 
with the ground, so as to have an unlimited supply of positive fluid 
for the glass. If, therefore, the rubber is made of folded flannel, 
horse hair, or the like, covered with silk, strips of tinfoil should be 
inserted within it, and connected with the wooden upright which sup- 
ports it. A silk flap or apron should also be attached to the upper 
edge of the rubber, and pass over the cylinder, reaching nearly to the 
collecting points on the other side. In this case, the cylinder is, of 
course, so turned that its upper surface moves from the rubber to the 
points. Upon the face of the rubber should be spread some electrical 
amalgam or some Mosaic gold, (bisulphide of tin.) The former is 
prepared by melting two parts of tin in a crucible, and to this, first 
adding three parts of zinc by degrees, and lastly, four parts of mer- 
cury, with constant stirring, then pouring into water to granulate. 
Or, one part of zinc, melted, and added to four parts of mercury in a 
mortar, and rubbed with the pestle until cold, is as efficient. Either 
should be pulverized in a mortar before use, and spread over the 
cushion, previously greased. 

In place of either of the foregoing recipes, I have obtained an ex- 
cellent effect with less trouble by dissolving scraps of tinfoil in a drop 
of mercury, until the mixture was semi-solid, and applying this with 
tallow, as before. 
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Mosaic gold ia, however, decidedlj preferable, on all accoanU, 
as it can be applied without grease, docs not acratcb the glasa and 
may be procured from those dealing in general chemicala, as it keeps 
vitbout deteriorating. 

The cushion or rubber is sometimea supported on a glaas npright, 
for the purpose of obtaining negative electricity from it. (In this 
eaae the prime conductor should be connected with the ground.) Bat 
this arrangement ie not to be recommcDded, as the cylinders are never 
perfectly true, and, in turning, produce an irregular strain, very likely 
to fracture the glass support. A wooden upright, hinged to the base 
and pressed against the cylinder by a. stiff spring, i, is more reliable. 

A more complete form of this instrument is that known aa the 
" plate machine," represented in Fig. 5. In this case, a disk of plate 
glass, A, is supported by an axle on wooden uprights, and turned by 
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a handle. Rubbers are supported at b, on a glass upright, and are 
pressed by springs against the opposite surfaces, while prongs at T, 
passing around the plate, and provided with fine points on their inner 
sides, collect the positive fluid, and pass it into the prime conductor, 
a. The silk bag, b, prevents loss. In this, aa in all like electrical 
apparatne, the parts intended to retain the fluids should be rounded; 
those to collect or to disperse it, sharp. The reason is obvioaa fron 
a consideration of the fundamental properties already stated. " Parti- 
clea of the same fluid repel each other." As a result of this, a sharp 
point connected with a charged conductor, afibrds a place from which 
particle after particle of the fluid may be easily pushed off, by thi 
combined repulsion of the particles behind. Again, every transfer of 
electricity is a double action, aa ia indicated on page 54. When ■ 
positive spark passes from a to B, a negative one at the same instant 
go es from b to A. Thus, let A represent a positively charged body, 
A I + + + + I and B a neutral onej then after & spark h»a paaaed 
■* /—-J h I from A to b, (as we generally express it,) tlie cob- 
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Fig. 6. 



dition of the two will be correctly indicated by a' b', a' | [--f-jT'i 

in which we see not only that a positive particle has b' | 4-H +"| 

gone from a' to b', but that a negative one has gone in the opposite 
direction, i.e.j fromB' to a'. Thus, the absorption of electricity by a 
point, becomes synonymous with the discharge of the opposite kind, 
and will follow the same rule. Hence, a point will not only give off 
electric fluid easily, but will also, as before stated, readily absorb it, 
the two actions being in fact identical, though we separate them in 
our idea. Thus, to give off positive, is to take on negative fluid, and 
to give off negative, is to take up positive in turn. There are various 
ways in which the above action might be explained, but that just 
Btated seems to us the most direct. The fact of this process may be 
easily shown as follows : Such an apparatus as that represented at 
Fig. 6 is prepared. It consists of a wooden block, m m, to which are 
attached a brass ball, /, and a glass rod, a. The glass rod supports 
a bent wire, (2, terminating below in 
a brass ball, «, and above in a point, <?. 
The point of the wire is directed to- 
wards some charged body, such as the 
prime conductor of the machine. Fig. 4 
or 5, when sparks will be seen to pass 
between e and /, showing that fluid is 
being absorbed by the point. If the 
point is directed towards a positively 
charged body, such as the prime con- 
ductor already mentioned, we shall see 
upon it (if it is in a dark room) a star 
or point of light, such as will appear on 
a point connected with the insulated 
rubber of the plate machine, Fig. 5, 
and therefore indicating the escape of 
negative fluid ; but if the point is turned 
upon such a negative body as the rubber 
above mentioned, it will show a rush of light such as would be ob- 
tained from a point on the prime conductor, thus indicating an escape 
of positive fluid. The sparks between e and / would, however, be the 
same in either case, for, as already explained, it would be a double 
discharge in both instances ; positive going down, and negative up, in 
the firat case^ negative down, and positive up in the second. 

( To be continued. ) 
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( Continued from page 58.) 



We concluded in our last article, the subject of oxygen manufac- 
ture, and will now consider the best means of preparing the other 
essential material for the production of a powerful lime light, namelji 
hydrogen. 

JPreparaUmi of Hydrogen^ 

The simplest method of preparing this gas in large quantity, as 
regards apparatus, is to provide a common glass gallon bottle, with a 
cork penetrated by a single bent tube ; to place in this a pound or 
two of mossy zinc (obtained by pouring melted zinc from the height 
of three or four feet into a bucket of water) ; to pour over this about 
a quart of diluted sulphuric acid, previously mixed and cooled (about 
one pint acid to four water) ; to insert the tubulated cork, and eon- 
nect this outlet by a rubber tube, with a wash-bottle and gas bag, or 
other reservoir. When the action in the bottle has ceased, if more 
gas is needed, remove the cork and pour in a fresh quantity of diluted 
acid. Three or four additions will develop gas enough to fill a thirty 
by forty inch bag, (= thirty to forty gallons.) 

Where the gas can be conveniently stored in sufficient bulk, we 
know of no plan more economical, efficient and convenient, than this, 
and with a relay of bottles (which cost but a trifle), a few minutes 
will suffice for the manufacture of all the hydrogen needed for i 
couple of hours' light. But two volumes of hydrogen being used to 
each volume of oxygen, the reservoir must in this case be bulky. 

Where these facilities for storing large volumes of gas are not 
present, an excellent arrangement is that figured in cuts 8 and 4. 
This, which is called a hydrogen generator, consists of a copper 
bucket, B c, about ten inches in diameter and two feet high, in which 
is placed a pail full of water and a quart of sulphuric acid. The 
copper bell. A, which fits loosely in the bucket, is provided with 
a movable perforated tray, which is introduced sideways, and when 
turned square across, is supported on lugs riveted to the lower edge 
of the bell This bell is filled with fragments of scrap zinc. This 
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1}el1 has also at its upper edge two lugs, i and H, vhich may rest on 
two iron rods, p B, attached to the bucket, as in the drawing, by 
vhicb it is supported clear of the acid solution. A stop-cock, 8, gives 

opening to a tube and small wash- 

bottle, D,. 

This stop-cock being opened, 

and the bell lifted from the Bnp- 

porting rods and lowered into 

the bucket, the zinc soon enters 

the acid, and hydrogen is libe- 
rated in large quantity. When 

the stop-cock is closed, the gas 

accnmulates in the bell, expels 

the acid, which, rising in the 

annular space aronnd, soon floats | 

the bell so as to clear the zinc 

from the liquid when the action 

ceases. One or two small holes 

should be made in the bell, about 

half an inch from its lover edge ; 

otherwise, on suddenly shutting off 
the escape of. gas, enough may be generated by the liquid adhering 
to the line, to cause Urge bubbles to escape under the edge. These 
rising violently in the space between the bell and bucket, splash the 
acid about. The small holes, however, allow the gas to escape in 
minute bubbles, which do no harm. 

The acid and water should bo mixed beforehand, and allowed to 
cool. It requires some time to get the air rinsed out of the generator, 
BO that the hydrogen may be ignited at the jet. After use, if the 
acid is not exhausted, and it is desired to employ the apparatus soon 
again, the bell may be supported as before ; and if the level of the 
liquid is adjusted a little above that indicated in Fig, 4, the bell will 
remain full of hydrogen, and will not need any fresh "blowing oat." 
If not to be used in a day or two, it is the beet economy to throw out 
the liquid, or empty it into a stone-ware jar, even if not exhausted, 
as the copper is much corroded when it stands in the liquid and is not 
in use. 

An apparatus such as described with the charge mentioned, will 
mn a single lantern for over five hours, or a double {ue., dissolving) 
lantern for three hours. It is best to keep the bell pretty fall of 
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scrap zinc, say twenty pounds, which will, of course, outlast many 
charges of acid and water. 

In place of the wash-bottle attached to the bell, the same one used 
in the preparation of oxygen (page 68) may be employed, care being 
taken to blow out the oxygen left in it, before igniting the gas. 

Messrs. Queen & Co. substitute for the wash-bottle, a sponge 
placed in a conical chamber immediately below the stop-cock, with 
good effect. 

( To be continued. ) 
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Proeeedingi of the Stated Xonthly Meeting, Febmary 90th, 1807. 

The meeting was called to order with the President, Mr. J. 
Yaughan Merrick, in the chair. 

The minutes of the last meeting were read and approved. 

The Actuary presented the minutes of the Board of Managers, and 
reported that the Board had organized on the 9th of January, ult., 
by electing Messrs. Bloomfield H. Moore and Percival Roberts, 
Curators for the ensuing year, and appointing the following Standing 
Committees : 

ON IKSTRUCTIOK. ON XLKCTIONS AND RESIGNATIONS. 

Henry Morton, O. Howard Wilson, 

"Wm. J. Horstmann, Henry G. Morris, 

Coleman Sellers, Henry Cartwright, 

Pliny E. Chase, Samuel Wright, 

Bobert E. Kogers. Charles S. Close. 

ON STOCKS AND FINANCES. ON PUBLICATIONS. 

William Sellers, Coleman Sellers, 

Frederick Fraley, Bloomfield H. Moore, 

James 8. Whitney, William B. Bement, 

James Dougherty, Samuel Sartain, 

Washington Jones. George Erety. 

Donations to the Library were received from the Royal Geo- 
graphical Society, and the Society of Arts, London, England; 
TEcole des Mines, la Soci^te d'Encouragement pour rindostrie Nation* 
ale, Paris ; and la Society Industrie Nationale, Mulhouse, France; 



PROCBEDINQS 07 THB FRANKLIN INSTITUTE. 207 

K. K. Geologischen Reischenstalt, E. K. Geographischen Gessells- 
chaft, Neiderosterreichischen Gewerbe-Vereines, Vienna, Austria; 
the Literary and Historical Society, Quebec, Canada ; the Institute 
of Natural Science, Halifax, Nova Scotia; the Commissioner of 
Agriculture, Washington ; the American Philosophical Society, H. 
P. M. Birkinbine, Esq., John Rice, Esq., and Doctor Edward Parrish, 
Philadelphia. 

The various Standing Committees reported their minutes. 

The Special Committee on Experiments in Steam Expansion, re- 
ported progress. 

The Committee on General Totten's letter, with respect to the 
establishment of a Government Bureau of Examination and Experi- 
ment, reported progress. 

The Committee to collect material relating to the history of the 
Institute, reported progress. 

The report of the Resident Secretary was then read. 

(The editor would here state that he proposes to publish the sub- 
Btance of the Secretary's Report in future, under other forms and in 
other parts of the Joumalj as by this means new matters will receive 
earlier notice, and need not be delayed in publication, by any refer- 
ence to the times of meeting.) 

After the conclusion of the Secretary's Report, new business being 
in order, the following preamble and resolutions were offered by Mr. 
William Sellers^ and adopted by the meeting : 

PREAMBLE AND BISOLUTIONS ADOPTED AT THE MEETING OP THE FBANRLIN 

INSTITUTE, HELD FEBRUARY 20, 1867. 

Whereas, In pursuance of the Act of Assembly, approved May 7th, 1864, a com- 
mittee of the City Councils of Philadelphia is now engaged in the preparation of an 
ordinance for the regulation and inspection of the steam-boilers used within the city 
limits; and whereas, the objects contemplated by the act aforesaid and the proposed 
ordinance, cannot but have a very important bearing upon the manufacturing in- 
dustry of the city ; and whereas, the subject is one in which the engineering profes- 
Bion IB particularly interested, and the committee having, by circular, invited sug- 
gestions as to the best method of accomplishing the object in view ; therefore 

JUsolved, That the Secretary of the Institute be requested to procure fifty copies 
of the proposed ordinance for distribution among the members or the Institute, and 
that special meetings, for the consideration of the same, shall be held ever Wednes- 
day evening, at 8 o'clock^ until the provisions of the proposed ordinance shall have 
been fully discussed, and changes that may seem requisite shall have been recom- 
mended by the Institute for the consideration of the committee and of Councils. 

JUsolvedf That notice of the proposed meetings, with the objecU thereof, shall be 
given in three daily papers of this city, and that a copy of this pr^ble and resolu- 
tions shall be sent to each member of the Committee on Law, Select and Common 
CooncilB, with an invitation to attend the proposed meetings. 
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The following Standing Committees were then appointed by the 
President : 



ON THE LIBRARY. 

John C. Browne, 
Robert Briggs, 
Charles Bullock, 
Pliny E. Chase, 
Samuel Hart, 
Bloomfleld H. Moore, 
Henry G. Morris, 
Henry Morton, 
Percival Koberts, 
Samuel Sartain. 

OK ARTS AND MAKTITACTURES. 

Wm. Adamson, 
John H. Cooper, 
Charles E. Foster, 
C. Eugene Meyer, 
Jacob Naylor, 
Hector Orr, 
Wm. G. Rhoads, 
James B. Sword, 
JohnC. Trautwine, 
Samuel S. White, 

OK MODELS. 

James Agnew, 
J. Sellers Bancroft, 
William B. Bement, 
Edward Browne, 
Charles H. Cramp, 
Mordecai W. Haines, 
Addison Huttou, 
John Kile, 
W. B. Le Van, 
John L. Perkins. 

OK MEETIKOS. 

Henry Cartwright, 
R. C. Cornelius, 
Emile Geyelin, 
Edward Longstroth| 
H. G. Morris, 
Henry Morton, 
Robert E. Rogers, 
Coleman Sellers, 
Thomas Shaw, 
E. T. Townsend. 



OK MIKERALS. 

Clarence S. Bement, 
John C. Browne, 
Isaac H. Conrad, 
Emile Geyelin, 
R. H. Lam born, 
Albert R. Leeds, 
Theo. D. Rand, 
Robert £. Rogers^ 
R. A. Tilghman, 
Elias Wildman. 

OK EZHIBITIOKB. 

John Agnew, 
J. C. Cresson, 
J. Gardiner, Jr., 
Frederick Graff, 
Edwin Greble, 
Wm. J. Horstmann, 
W. A. Mitchell, 
T. Morris Perot, 
Coleman Sellers, 
O. H. Wilson, 

OK METEOROLOGY. 

Samuel Allen, 
Henry Bower, 
Pliny E. Chase, 
Charles M. Cresson, 
Samuel J. Deal, 
Jacob Ennis, 
Caleb S. Hallowell, 
James A. Kirkpatrick, 
Benjamin V. Marsh, 
Henry Morton. 



OK SCIEKTinC PROCEEDIKOS. 

Robert Briggs, 
E. €kyelin, 
Henry Morton, 
R. E. Rogers, 
Coleman Sellers. 
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Also, the President appointed as a Special Committee on the sub- 
ject of Danger Signals — 

Henry Morton, Thomas Shaw, John C. Cresson. 

Mr. Samuel Y. Merrick then announced the death of Professor 
Bache, which occurred on the 17th inst., and offered the following 
resolutions, which were unanimously adopted by the members, the 
vote being taken standing, in token of respect : 

Hesolvedy That by the death of Professor Alexander Dallas Bache, 
the Franklin Institute has lost its most distinguished member, one to 
whose labors, while a resident of this city, it was indebted in an 
eminent degree, for the credit and reputation it obtained for its 
experiments on Water-power, on Steam Expansion, and on the 
Strength of Materials. 

Jteaolvedy That the Institute will ever cherish in grateful recollec- 
tion, his services as an Officer and Manager, as Chairman of its 
Committee on Science, and his generous and warm sympathy with 
its members in every movement that would add to the progress of 
Science and the Mechanic Arts, and to the cultivation of liberal 
opinions and hearty social intercourse and good fellowship. 

Iteaolvedy That we sincerely mourn the loss that the family, friends 
and our whole country has sustained, in the decease of so good and 
great a man, and we tender our sincere and cordial sympathy and 
condolence, to all who are specially called on to mourn his loss. 

Resolved^ That a committee be appointed to attend his funeral, and 
to pay, on behalf of the Institute, the last tribute of earthly honor 
and respect to his remains. 

ReBolvedy That Professor F. Rogers be appointed to prepare 
a necrological notice of Professor Bache, to be entered on the 
minutes of the Institute, and to be published in its Journal. 

JReBolvedy That the President and Secretary be requested to for- 
>rard a copy of these resolutions to the widow of Professor Bache, 
>ritli a special letter of condolence and sympathy with her in her 
p'eat bereavement. 

Bemarks on the above resolutions were made by Messrs. Fraley, 
J. C. Cresson, Robert £. Rogers and Robert Briggs, after which, all 
other business being suspended, as a mark of respect to the memory 
of Professor Bache, the meeting was, on motion, adjourned. 

Henry Morton, Secretary. 
Vol. LIII. 15 




210 BIBLIOGRAPHICAL NOTICE. 



For the Joamal of Um Franklin Institute. 

NOTES ON POLYTECHNIC SCHOOLS IN THE U. S. 

By S. Edward Warren, C.£., Professor of Descriptive Geometry and Geometrical 
Drawing, Benss. Poly. Ins., Troy, N. Y. John Wiley, N. Y., Publisher. 

Professor Warren, in his little pamphlet before us, has endeavpred 
to give a concise and lucid description of polytechnic schools, with 
their "nature," "position," "aims" and "wants;" and, although we 
must take occasional exceptions to some of his remarks, it is in the 
main a most valuable addition to our educational literature, and we 
could wish it in the hands of all those who have the correct scientific 
training of our young men at heart. To properly appreciate the ne- 
cessity of the popular mind being turned to this branch of education, 
ire must reflect upon the past, present and future of this country. 
Great and marvelous as has been the growth of the United States 
during a comparatively brief period, it sinks into insignificance when 
we consider what the present rate of progression must necessarily bring 
about in the way of the future development of the arts and sciences. 

While a younger people, with all the rich resources of a vast country 
lavished at our feet, it could not be expected that much attention would 
be given to an economical utilization of those resources. But now 
the rapid and almost incredible increase of our public improvements, 
those great civilizers of mankind, involving millions of dollars, demand 
that there shall be men specially educated for such works, not only in 
order that capital may be utilized to its fullest extent, but also that, 
by a proper care, the natural products of the country may be econo- 
mized in every way. It has been within but a brief period that the 
educators of this country have realized these facts, and for many years 
the Rensselaer Institute (founded 1825 and remodeled in 1850) was 
the only institution in the land that pretended to prepare young men 
for the intelligent discharge of the duties of the engineer and technist. 
It was a start, however, and the Rensselaer Institute may be considered 
the pioneer of that class of schools whose especial object is the scien- 
tific and practical training of young men in the various departments 
of the arts and sciences. 

Professor Warren begins by giving a list of such schools in the 
United States, with as brief explanatory notes as possible, so that a 
proper conception of their specialities may be had. The list, in the 
form of a table, gives the courses pursued at each institution, with 
the length of each course, the degrees conferred, and also the total 
attendaDoe daring 1865, with the age required for admission. From 
U we learn that there are eighteen a\xc\x aQ\iQQV%) «Al qC which, with two 
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exceptions, are located in the Northern States. Of these two excep- 
tions, one is not in operation and the other is imperfectly developed. 

In treating of the edacational in general, and the preparation neces- 
sary for a polytechnic training. Professor Warren, in a necessarily ab- 
stract way, endeavors to show that polytechnic schools are, in every 
sense of the word, professional, equal and, in some respects, superior 
in dignity to those schools that are popularly recognized as such. We 
are to view "science" in its "subjective" or "objective" relation to 
man. The former embodying what relates to his physical or spiritual 
constitution, the latter relating to all external nature upon which itian 
is dependent for his comfort, happiness and well-being. It is the latter 
that b'es at the root and is the foundation of all technical professions 
in their various ramifications, as well as the "material fine arts of 
architecture and music." Surely there is no nobler operation of the 
mind, than when turned to the study and utilization of the external 
universe, bending all things to minister to the crowning member of 
creation — man. There are three decisive tests, Professor Warren goes 
on to say, which determine the professional character of a school. 
* * " the talent demanded by them, the extent and elevation of their 
coureee of etudy^ or the magnitude and beneficence of their results, 
stand in two distinct groups, ^Humanietic" or ^Polytechnic.*" The 
former embodying such professions as the law, medicine, theology 
&c., and the latter, engineering, physics, chemistry, &c. ; the one sub- 
jective science, the other objective. 

We are glad to see, when speaking about the various modes of in- 
struction, the author giving his experience as against the system of 
lecture instruction. Not that he desires to do away with the system 
entirely, but to restrict its use to those matters purely descriptive, "in 
which an error does not vitiate the whole," to " experimental subjects 
which address themselves largely to the senses," and to "mathemati- 
cal subjects only in the case of proficient students." To this last ex- 
ception, we must remind the author of a remark in the same paragraph, 
where be well and truly says, "that all knowledge of mathematical 
subjects must necessarily be exact or worthless." Now, we hold that 
this will apply to advanced or proficient students, as well as to those 
struggling along the outskirts of that dry and arid science. All 
mathematics require thought and study, of various degrees of inten- 
sity, and no step can be taken forward, before the last one made is 
firmly planted and free from all danger of backsliding. What thought, 
we ask, can a student, no matter how brilliant or how proficient, give 
to his professor lecturing upon a new demonstration. No man can 
think in such a science as rapidly as men ordinarily talk in a lecture, 
and by the time one has grasped a preliminary idea, his professor is 
three or four steps in advance, and he is vainly endeavoring to "catch 
up." With the best of text-books, explanitory matter is needed from 
the instructor, but the student has the main thought before him, knows 
all his forms to be correct, and derives that confidence that the certainty 
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of each step gives, which is requisite for a full comprehension of the 
matter in hand. 

We must ever remember, that in mathematics, one thought or mean- 
ing lost, renders the rest worthless. It takes but one rotten egg 
to spoil a whole barrel of good ones. 

The hampering of professors, too often practised through a false 
economy, or perhaps ignorance, by making them discharge the func* 
tions of the tutor. Professor Warren protests against, gently but firmly, 
a righteous protestation, we think. A relief from these duties gives 
the head of the department opportunity for original research, so neces- 
sary for a healthful growth, relieves the professor from feeling him- 
self a mere machine-instructor, and gives him a zest and zeal which 
cannot but react similarly upon both the students and school. 

The daily labor in a polytechnic school can hardly be judged of by 
the number of hours required in its service ; for, as Professor Warren 
remarks, when we take into consideration the engineering field exer- 
cise, laboratory and drawing-room practice, the ''activity is largely 
physical as well as highly pleasant and invigorating." So that when 
we reflect upon these things, the diversion of time recommended by 
our author, '^ eight hours for sleep, an hour and a half for dinner and 
an hour for each of the other two meals, including healthful repose, 
makes eleven and a half hours, leaving twelve and a half for work," 
(page 18,) reduces itself nearly to, but about, "six hours mental 
activity," which experience shows is not wearysome in the least, and 
ought not to be burdensome. 

Passing over the first part of the third section of the pamphlet 
under review, which treats of the nomenclature of schools in general, 
and their adaptation to polytechnic schools in particular, the peculiar 
functions of the professor are treated of, as well as his relation to the 
student, and reciprocally the relation between student and professor, 
and the spirit that should actuate them. 

A short paragraph or so is devoted to exposing the foolishness of 
styling one man professor of engineering, — in other words, professor 
of a whole science. As well call one man professor of " medicine," 
a science embracing pathology, anatomy, surgery, &c., &c., each one of 
which contains enough in its study for one man to devote a whole life- 
time to — or call a man professor of the " law," as if a single individual 
could master that vast subject in all its ramifications, and in all its 
entirety. 

The few remarks of the author upon the spirit of polytechnic schools, 
are sensible and natural, and he takes a broad and comprehensive view 
of the relation of students to such schools. Like the student of law, 
theology or medicine, the polytechnic student is differently situated 
from the college or university student. Here a young man has chosen 
his profession for life, success in which depends upon his ambition to 
excel, followed up by a hearty and zealous attention to all labors and 
the course of training necessary for an entrance into the practice of 
ii3 profeBBion. It is this spirit tlial ^eimvtA ^ ^professional school to 
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lack the appearance of discipline and control, that must be exercised 
by the liberal educational colleges, the great majority of whose stu- 
dents have no special object in view in their studies, and no anxiety, 
except, perhaps, the *' cramming" for an examination. Professor 
Warren thinks that secret societies cannot, from their exclusive 
nature, flourish in polytechnic institutions, where the course of instruc- 
tion is such as to inculcate a spirit of united research. Nor is it de- 
sirable that they should do so, as the history of all colleges, where they 
have a deep root, shows; there they are a sad draw-back to the prose- 
cution of study, and cultivate conviviality and sociality, pretty much 
to the exclusion of all else. In speaking of literary societies as such, 
the author thinks there is no room for them in the schools of which 
we are speaking, but he recommends, if the disposition of students is 
such as to aggregate themselves into organized bodies, their organi- 
sations should be strictly scientific in their nature, *^ provided, that 
every member of them is qualified to contribute something, and pledged 
to do it," in the shape of original research, solutions of problems and 
discussions of special cases, and contributions of industrial drawing. 
Another object that he mentions may be introduced into such a society, 
is, through its graduates and others, to make collections of valuable 
professional reports, and of valuable papers and pamphlets bearing 
upon educational matters relating to the profession. In this way, and 
in this way alone. Professor Warren thinks that societies may be use- 
ful adjuncts of a polytechnic school — in any other form he evidently 
views them as pernicious. In an abstract way we heartily agree with 
him ; but taking the bull by the horns, we must own that it is imprac- 
ticable, simply because the age and immature habits of study in the 
student prevents him from appreciating such a decidedly voluntary 
effort, involving much outside study, when he considers the time exacted 
from him by his professors sufficient employment. Nine men out of ten, 
no matter how faithful they are in the discharge of their school require- 
ments, prefer to devote any outside time that may remain to them, in 
recreation. We have now arrived at a subject of great interest, and 
that is, the proper qualification for entrance to polytechnic schools. 

Of course, it is desirable that applicants for matriculation should 
have a thorough, liberal education beforehand, just as it is considered 
necessary for young men who intend to study law, medicine or theol- 
ogy. Professor Warren has tabulated the proportion of graduates in 
a few of the most important technical schools, and it is gratifying to 
find that there is a yearly increase, although small, in the applicants 
for professional matriculation, holding college degrees. Taking one 
instance, at random, in the Rensselaer Polytechnic Institute, we find 
that in 1860 there were three of seventy-five, while in 1865 the ratio 
had risen to ten in one hundred and fifty-two. A higher standard 
should be insisted upon than that now existing, and although it would 
be impossible to bar all except collegiate graduates, still we would 
adyocate a rigid matriculation examination in all departments of a 
thorough English education^ and that no applicaiil aVovi^dL \^^ ^^sa>^ 
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merely because a mathematical proficiency is shown. Many young men, 
Vith a natural gift for mathematics, are passed in some institutions, who 
have an utter disregard of their mother tongue, and although they per- 
form their professional exercises well through the whole prescribed 
course, graduate with no more idea of grammar and spelling than when 
. they entered. And this is no fault of the school ; for, as before remarked, 
such schools cannot pretend to teach other than professional matter, 
having nothing to do with matters pertaining to a liberal education. This 
diflSculty, Professor Warren feels, and calls attention to: "The great 
want of polytechnic schools, is a class of preceding institutions." In- 
stitutions where the scientific and fruitful French and German living 
languages and modern history are substituted "for ancient history, 
and the dead languages of still more dead gods, and their corrupt in- 
trigues," these need not be independent institutions, but part and 
parcel of our colleges and universities, which still are wrapt in a musty 
precedent of antiquity. There is some hope for a change in this re- 
spect, for there is undoubtedly a ray of light struggling to scatter the 
accumulated dust of ages, dimly but surely, and we hope that before 
another decade passes by, that the trustees of our universities and col* 
leges will have fully waked up, and realize that we are not living in 
years long since gone bye, when there was no other literature but that 
of Greece and Rome, but in an age teeming with intellectual thought 
and vigor, the products of which should form the principal part of a 
liberal education. There is a point not touched upon in the work be- 
fore us, but of vast importance, and that is the peculiar qualifications 
which should be embraced in the head of such a school as a polytech- 
nic institution. 

A polytechnic school is eminently practical, or should be so, to 
realize its full meaning. All its theoretic and scientific training should 
have a practical bearing. The higher classes are, it is true, intended 
to be so, but how far do they succeed ? A young man receives his 
diploma of civil or topographical engineer, or perhaps bachelor of sci- 
ence or doctor of philosophy, and we ask, how far is he qualified to 
enter upon the active practice of his profession? We admit that the 
maximum time allowed in this country for our technical schools is in- 
Bufiicient for the practice desirable, but is all the time so appropriated 
economized to the best result? Let us go back a little further, and 
see who constitute the faculty of such a school, whose avowed ob- 
ject is to fit men for practical life. They are men learned in the 
several specialities, so far as books can teach them, students variously 
gifted, but always students, who have never been themselves one dsj 
in the field or workshop, or on public works of any kind. All the 
book-learning in the world will not take the place of practical experi- 
ence. To be sure, all professors are not required to have had this 
experience, nor is the matter which they teach capable of anything 
but book instruction, — for instance, the chair of descriptive geometry 
or geometTic&\ drawing, — that of pure mathematics or rational me- 
ebanica. Bat what we do hold, and t\xe ^QvcLt. tJiekt we are desirous of 
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making, is, that he "who holds the chair of applied mechanics, or geo- 
desic or construction, should have graduated in the school of public 
works, as well as being learned in the theory and science of his pro- 
fession. He then would know what the student actually needed, 
and could cater to his wants, economizing to the best advantage a time 
already too short. After a student has mastered the theory of his 
profession, it is the detail and every-day practice that he wants and 
must have. Of course, correct models are essential, and models too 
of what he probably will need in his own country, and there is no de- 
tail of construction too mean to be useful to him. Those in- 
stitutions where models aroused, have usually examples of the elegant 
European work, such as for years to come could not be applied in a 
new country. The problem in all the public works of this country is, 
to do the most effectual work with the least possible outlay, a view 
that ought always to be kept before the American polytechnic student, 
and a view too that marks a line of demarkation from the practice of 
the continental schools. How many professors, who teach, for instance, 
bridge-construction, could go upon the ground and superintend the 
construction of a bridge of the simplest character? They could calcu- 
late the strains and proportion, perhaps the parts, but have no more 
idea of the framing or fitting up than a school-boy. What our schools 
need, is to have at their head one who, besides his education and stu- 
dent preparation, has been connected with various public works, and 
become familiar with the facilities of the workshop and foundry, and 
essentially practical in his own experience. Such men can be gotten, 
if the proper means are employed to secure them, and, above all, a 
proper compensation offered. Then, and not till then, will our poly- 
technic schools take that rank as practical and scientific educators that 
their name implies. How many students would a medical college, or 
a law school have, if the professors of the various departments had 
found all their knowledge from books, and had neither attended a 
patient in the one case, or tried a cause in the other? Here we leave 
the subject for the present, and advise all who feel interested in the 
matter in hand to invest in Professor Warren's little pamphlet. In 
conclusion, we must thank the Professor for his valuable contribution 
to educational literature, and at the same time remind him of his quasi 
promise of a fuller treatise next time. B. 
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PATBICK, of the Central High .School. 
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t/DITORIAL. 



PNEUMATIC DESPATCH. 

The great length and crowded state of chief thoroughfares in 
many of our principal cities through which great quantities of 
merc)iandiae in small packages as well as mail matter, are daily trans* 
ported, is drawing public notice in no small degree to the plan which 
'i$ ncfw, and for some years has been, in successful operation between 
the terminus of the North-western Railway and one of the District 
Post Offices in London. 

Under these circumstances, wo think it desirable to give a detailed 
^count of the above apparatus and its operation, the material for 
wjbiich id derived from an editorial article in the Praotieal MechanicM* 
' ^fourMii for June, 1863. 

* The ^exier/il principle of the Pneumatic Despatch may be briefly 
expleia^d: .ias follows : 

' A smc^ll cast iron tunnel or tube, arched above, but nearly flat 

Heloir, about two feet nine inches high, and having nearly the same 

width Kt it$ brojadest part^ provided with ^ pair of rails, runs from 

onrBtktion to'the other. On. these rails run four-wheeled wagons, ^f 

'wlliblr ¥ig; 1 ishows an end view and half oross^seotion. The general 

Vol. LIIL 16 
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outline of the wagon conforms, as the drawing ahowi, to the Bcction 
of the tunnel, bat there is an 
'^ absolute clearance all around, of 

more than an inch. 

The tubes composing the tunnel 
are cast in ordinary lengths, and 
arc put together with leaded j oints, 
like the ordinary water or gas 
mains. They are laid with gra- 
dients, varying from 1 in 100 to 
1 in 80, and with three curvee, 
two of one hundred and ten feet 
radius and one of forty feet. 
This last cnrve is very short, but 
works well, and proves the admir- 
able flexibility of the system. 
The apparatus fir giving motion to these carriages, is situated 
entirely at one end of the hne, namely, at the Enston Station, and 
mny well be considered, on account of iti 
novelty, efficiency and singular operation, 
as the most remarkable feature of the 
whole apparatus. 

Fig. 2 shows in ground plan the positim 
of this motor in its relation to the boiler, 
engine and tunnel, and Fig. 3 shows on 
larger scale, a vertical section of tbii 
apparatus, which is known as the Fnenmatie 
Ejector. 

This consists of a hollow circular dJK 
of sheet iron, Bhown edgewise in ttui 
middle of Fig. 3, supported on a shwt 
horizontal axis, to which a small hi^ 
pressure engine is directly geared. Tkii 
disc is inclosed in a rectangular, roim^ 
topped casing or box, of boiler-plate, 
twenty-two and a half feet wide by fooi 
feet thick. Connected with ita lower po- 
tion at one side, is a large tube or continiB- 
tion of the tunnel, while another similar tube, leaving the tonnel >t 
ft point more distant from its terminus, (see Fig. 2,) fonnt a 
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witli the intMior of the hollow disc, hj tneana of the sir-trank, which 
ia fleen in Fig. 3, to surround the lower half of the rectsngnlar 
Mstng. 

This »ir-tnink may, however, by appropriate valves, be shot off 
{rom the toimel and opened to the outer air. as also may the rectan- 
gnlar casing mentioned before. 

The action of this instrument in a general way, may bo easily 
described. The hollow disc being rotated by the engine, draws in air 
at its centre from the air-trunk, 
and expels it into the rectangular *''S' ''• 

ease. If the former is connected 
with the tannel, and the latter 
with the outer air, a partial 
vacaam is produced, and cars are 
nieked through from the further 
station. But when the casing is 
connected with the tunnel, and 
the air-tmnkwith the atmosphere, 
air is forced into the tube, and 
drives a carriage from the nearer 
to the fnrtlter station. 

Thus much for the general 
statement; but it will be observed 
that the form of this pneumatic 
ejector, or blower, is unuanat, and 
may well demand closer study. 

The hollow disc already men- 
tioned, is about twenty-one feet 
in diameter, formed of two thin sheets of iron, which are but two 
inohes apart at the outer edge, but separating as they approach the 
axis, so as to form such surfaces of revolution as would be generated 
hj corves, which are nearly hyperbolas, having a common asymtote 
at the axis, and terminating at tbe periphery, in tangents, almost 
parallel to each other and to the plane of revelation. 

These discs are stiffened and connected by radial ribs, and the 
■haft is fixed in them by rib-feathers. Circular mouths at the centre 
of the discs, correspond to similar months terminating the air-trunks, 
with which they make tight joint by means of ordinary cup-leathers. 

The property of the curve which determines the shape of the disc, 
ii^ that a drcnmferential section at every distance from the axis, shall 
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luT« the game ares, which also eqools that of the indranght openingi 
just deacrjbed. 

This remarkable "ejectot" appears capable of giTiug a higher 
duty than any fan previonsly need, and the actual preesores obtained, 
as will be seen from the following table, are strictly proportionate to 
the square roots of the relocities : 
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1-71 
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3-07 
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1-17 
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2 82 
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8-52 
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7-62 


88 " 


1-47 
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2 83 


8 77 


4-77 
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718 


8-4S 



By the nee of this ejector, (which is, in the case under consider!- 
tion, ran at the rate of one hundred to one hundred and ten turns ptt 
nionte,) and of appropriate valves in the connecting pipes, the cui 
are blown through the tunnel from the Euston Station, or Bucl:ed biek 
from the further terminus. In the first case, the necessary supply of 
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.air is obtained. from out of doors, by m^ans of pamges nndtttt* 
::ii&ort.ffiimlh» lattsE the. oQtdiaDgbt.u- discharged .by tho.lsBt 
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The arrangement for allowing the car to come out of the tunnel at 
aither terminus is shown in Fig. 4, which represents the termination 
of the tube with its various appliances. Above, at the right, is seen 
a spring-valve, which maj be so adjusted that the resistance offered 
to the escape of air from in front of the car, when near the terminus, 
may be such as to bring it to rest at a convenient point outside. 
Vertically under this, is seen a wheel at the end of a long lever, upon 
which presses the advancing car. This lever thus depressed, sets free 
at its other end, the detent of the door, which closes the tube or 
tunnel, and a counterweight then quickly raises this last, a moment 
before the car reaches it. 

The velocity at which the cars or trains are run in this tunnel, is 
about sixteen and a half miles an hour, the short curves before men- 
tioned necessitating a reduction of speed. This velocity is obtained 
by the use of a twenty-two foot ejector, making, as we have said, one 
hundred to one hundred and ten turns per minute, which develops a 
pressure of three to four inches on a water-gauge. 

Motion is given to the ejector by means of a small steam-engine 
of fifteen inches diameter and sixtecn-inch stroke, set upon an inclined 
framing, and having its crank keyed directly to the shaft of the 
ajeetor. The steam is used at a pressure of forty pounds. 

About fifteen trains, each way, are now the daily work done by this 
apparatus, which is clearly but a small per centage of its capacity; and 
to effect this, steam must be kept up all day, by which great loss of 
duty occurs ; yet the whole consumption is but twenty-one bushels of 
ooal per diem, at a cost of 6t., or about 6d. per double journey. 

The general arrangement of parts and ground plan of the Euston 
terminus, is shown in Fig. 2, where we see at the right the boiler 
next to it, the engine attached directly to the ejector, from which two 
tubes lead to the tunnel, a long one for suction, and a short, direct 
passage, for blowing. Opposite to the end of the tunnel, on the 
farther side of the room, is a short closed passage, which acts as an 
air buffer to the cars, should the valve arrangement before described 
fail to bring them to rest at the desired point, namely, on the track 
between these two. 

From the foregoing statement, it will be seen that the Pneumatic 
Despatch, as devised and arranged by Mr. Rammel, and as practically 
operated in Londoui possesses many marked features by which it is 
distinguished from all the pneumatic railways and the like, which 
have been before employed. 
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The loose fitting of the car in the tube, the low-pressure and large 
quantity of air employed to drive the trains, as well as the peculiar 
form of the ejector, are all novelties of great importance to the 
success of the scheme. It will also be noticed that the speed is not 
high, and it should be remembered in the discussion of similar plans, 
that to employ a high speed for long distances, would demand an 
accuracy and permanency in the tunnel or tube hardly to bo reached 
under the existing conditions of the problem, in an engineering point 
of view. 
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An Immense reservoir. — M. Morin presents, in the name of 
M. Graeff, Chief Engineer of the Bridges and Embankments in the 
Department of the Loire, an account of the reservoir of Furens, netr 
St. Etienne, in these words : 

Since the presentation which was made by M. Graeff on the 23d 
of April, 1866, which was an account of the theory of the motion of 
water in reservoirs, which served for irrigation, one of the reservoirs 
in which this theory has achieved entire success, has been erected tt 
Furens. 

The city of Saint Etienne, in which formerly a subterranean basin 
was used, to hold, at the source of the Furens, all the necesssry 
water, has contributed a sum of at least one million, for the con- 
struction of this reservoir by state engineers. By this work» the 
city secures the right of using this reservoir for storing the sufV- 
abundant water of the Furens during the spring and autumn, and in 
fact to use it for municipal purposes, and for regulating the supplies 
during the droughts of summer and winter, to the manufactories, of 
which there are sixty-eight on the stream. 

The old bed of the Furens, in the part where it forms a vast basin, 
has been shut off down the river by a bar fifty metres, or one 
hundred and sixty feet, high, of which the profile was adjusted ac- 
cording to the type of equal resistance. This bar is made entirely of 
ordinary masonry, and only the cap is composed of regular blocks, 
which are of cut stone ; the bar is founded on a rock which enoaM 
its base and sides. 
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It was commenced in 1862 and finished in 1866, and was officially 
inangorated on the 28th of October, though it was filled in the spring, 
and fnmiahed, daring the summer, the city and manufactories of the 
▼alley. 

At its greatest rise, the Furens did not give out more than 15 cubic 
metres in a second, from observations made during ten years by M. 
Graeff, but on the 10th of July, 1849, a water-spout occurred in the 
yalley, which was at least 6175 acres in extent, and there resulted 
from it an inundation of the city of Saint Etiennc. This immense 
overflow reached the great volume of 4624 cubic feet in a second, 
and subsequent observation showed that the invasion of the city by 
water, did not occur until the out-flow of the Furens attained 3284 
cnbio feet a second, which was very unusual. 

The observations made of the quantity of water given out in this 
condition, led to the conclusion that the reservoir, to which these 
extraordinary rises furnished 3284 cubic feet in a second, should be 
capable of receiving 7,063,000 cubic feet. It was constructed large 
enough to accommodate 14,126,000 cubic feet, or twice the amount 
which was produced by the water-spout of 1849. 

According to arrangements made in this immense reservoir which 
has just been erected, it becomes easy to hold in reserve twice a year, 
spring and autumn, 84,750,000 cubic feet, which can gradually be 
dispensed to the city and manufactories. The first cannot possibly 
use more than 21,189,000 cubic feet, and there then remains 6,357,000 
cubic feet to divide between sixty-eight manufactories. 

These details suffice to show the importance of similar works, for 
ehanging courses of torrents, which so often cause devastation and 
disaster, into reservoirs which are necessary to the health of cities as 
well as to arts and manufactures. 

The whole cost of the reservoir was about $800,000, and the 
reyenne received pays fully five per cent, on this, without counting the 
increased value of the manufactories supplied from this source. 

Tlie Paris belt railway was opened on the 25th of February ; 
it is 22 miles in length, including the branch to Mt. Farnasse, and is 
entirely within the city walls, crossing the Seine at two points, about 
seven miles apart, by bridges, one of which at the Foint de Jour, is 
very remarkable for the beauty and ingenuity of its structure. 

A railway and road-bridge oTer the Po, at Mezzana Corti, 
has just been finished. Its length is 3310 feet, made up of ten spans 
of 196 feet, with the piers and abutments. The superstructure con- 
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ustfl of two lattice girders 24 feet 6 inches deep, placed 27 feet 8 inobes 
apart, and connected below and above by plate iron cross-girders. 
The cross-girders below, are connected by short plate-girders under 
the timbers on which the rails are placed. The lower system of 
cross-girders carries a double line of rails, and the upper a roadway. 
The upper cross-girders have an arched form on their upper surface, 
and are connected by longitudinal timbers on which the planking for 
the roadway is laid. The most remarkable feature of this bridge is, 
however, the substructure and the method of its formation. Iron 
caisons 49*2 feet by 19*2 feet, and 8*8 feet deep, closed at top but 
entered by four tubes each four feet in diameter, provided with skips and 
equilibrium chambers, were sunk upon the site of the piers. Com- 
pressed air was used to remove and exclude the water, and workmen 
and materials were introduced by means of the tubes, &c. The 
whole interior was finally filled in with concrete. 

The Hoosac Tunnel is again let to contract. When finished, 
its extent will be 4^ miles, of which as yet only 4600 feet are 
finished. The central shaft is to be elliptical in section, 27 by 15 
feet, and will have a depth of 1030 feet ; only 400 feet have as yet 
been sunk. 

The liondon and IVortli-w^estern Rallnrays as we learn from 
our excellent cotemporary Engineering^ has a capital of $850,000,000 
and forty miles of double track laid with steel rail. 

Steel-fiieed armor-plates capable of resisting chilled shot, 
which have been found to penetrate the ordinary armor, have been 
manufactured by Messrs. Cammel & Co., of Sheffield, in slabs having 
a surface of 48 square feet, and a thickness of 6 and 7 inches. Each 
plate weighs about 6 tons. The weld is said to be readily eflfected in 
the rolling, and to be very good. 

Ralli^ay across tbe Engrlisli channel. — The President of the 
London Society of Engineers, in his inaugural address for this year, 
alludes to the project above-named, in the following manner, as we 
learn from the Mechanics' Magazine: 

<^ At the present moment it is proposed to bring together nations 
between which there is a sea of twenty miles, and there would appear 
to be no substantial reason to consider this task impossible either by 
the construction of a multiple span bridge or a subway across." Which 
shows us that this stupendous enterprise is contemplated in. a serious 
and even practical light by others than its proposers. 
The EngliBh Iron trade*— From the same authority, the address 
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of Wm. H. Le Feuvre, Esq., yrt qnote the following remarkable stato- 
ment, wliioh mast interest our readers, since the facts related cannoti 
fail to have a world-wide influence upon one of the most important 
industries. 

'^ I would desire to call your attention also to a circumstance which 
has lately begun to assume a serious importance to us as engineers, 
and which promises to endanger one of the most extensive of our 
manufactures, that is, the production and manufacture of iron. This 
has been carried on to such an extent now in Belgium, that, after an 
interval of a very few years, the run of competition is altogether on 
the side of Belgium manufacture. They successfully compete with 
the most extensive of our iron works in England. As examples, I 
would mention, that during the progress of the Exhibition lately 
erected in Amsterdam, it was found that while the earlier portions 
were being constructed, it was cheaper to import the iron-work from 
England; but before the work was completed a considerable quan- 
tity of iron-work was supplied from Belgium and Holland, as it could 
be obtained at a lower price, and from that period to the present, the 
competition has run hard between those countries and our own. In 
the new Pimlico Wheel Works, in London, which, as may be known, 
perhaps, to most of you, was constructed by our firm, we had also to 
give way to the importation of iron-work from Belgium, and it is the 
case also with regard to some works we are now carrying out in India, 
where the iron-work is actually shipped from Belgium to London and 
reshipped to Bombay, at a less cost than it could be purchased from 
English manufacturers. I cannot but view these circumstances with 
regret and apprehension, and I hope that before such a state of things 
is permitted to become more serious, some co-operation may be in- 
duced amongst our leading manufacturers, so that this branch of our 
industry may be not altogether wrested from us. I mention these 
instances as facts which have come under my personal observation and 
experience. We find one of our leading railway companies (the Great 
Eastern Railway) being provided with locomotives from France, which 
resulted after a competitive tender, to which our leading firms were 
invited. The inroads of foreign competition have at length reached 
to such an extent that one of our leading railway companies invited 
a French firm to compete with our manufacturers for the supply and 
erection of the iron-work of their terminal station in London. I can- 
not, therefore, but repeat that there are good grounds for the fears 
entertained with respect to this branch of our industry^ and truat Uia.^ 
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these remarks may lead to some practical suggestions being made 
during the present session, with the view of ameliorating the present 
condition of our iron manufacturers." 

In reference to the above statement, we should mention that the 
editor of Engineering explains this efiFect as resulting only from that 
revolution in iron manufactures which the general introduction of the 
Bessemer process has inaugurated, and which has rendered the great 
coal regions no longer the best location for iron-making, but rather 
the localities where the best iron is found. The reason of this is, that 
while formerly an inferior ore could (by great expense of coal in re- 
fining) be converted into a first rate iron, we now can at once (pro- 
vided we start with a good ore) obtain a superior iron or steel with a 
very small outlay of coal. The old refined iron thus finds itself unable 
to compete with the new steel. As England takes the lead in both 
of these branches, however, the new as well as the old, nothing is to 
be feared in the future from the development and change above nofied. 

Boiler explosions and tbelr prevention. — Since we last al* 
luded to this subject in our previous issue, the account of two boiler 
explosions, which might have been prevented by a thorough system 
of inspection, and which resulted in the loss of fifteen lives, has 
reached us in the Reports of the Manchester Association, published 
in the Mechanics* Magazine. 

The first of these, was the explosion of a small portable boiler on a 
sailing vessel, where it was used to drive a windlass engine for hoisting 
cargo. A precisely similar boiler, from the same manufacturers, ex- 
ploded a few months before, with like disastrous effects. This boiler 
was a very small one, 5 feet high 2*5 feet in diameter, with internal 
conical fire-box and two horizontal water tubes ; working pressure, 
100 lbs. The cause of explosion was very evident, the man-hole, 
18 by 10 inches, was not strengthened by any mouth-piece, or ring, 
but had only an ordinary internal cover, supported by one or two 
bolts suspended from arched bridges. The shell was ripped in every 
direction, radially from this hole. By the explosion of this small 
boiler, five men were laid dead upon the deck, two were blown over- 
board, and one fatally injured, while the vessel itself, with bulwarks 
splintered in every direction, and deck drenched with blood and 
strewn with dead bodies and fragments of iron, presented a spectacle 
horrible beyond description. 

The safety-valve with which this boiler was provided, proved also to 
ie of a moat improper and unsafe construction, being so arranged that 
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iti adjoBtment (with a spring, a set screw) was a mere matter of gaestf- 
worky 80 that it was at any time a matter of doubt whether it was 
arranged to lift at 50, 100 or 200 lbs. pressure. 

The second explosion which occurred, was in a dye-works, and re- 
sulted in the loss of seven lives and the demolition of the whole build- 
ing. It was the result of using bad iron in a cylindrical flue boiler, in- 
ternally fired, carrying 100 lbs. pressure, and quite new. The owners 
of this one had bargained for a boiler to be of the best material and 
abundantly strong, and had paid an unusually large price to the 
builders, on their assurance that such was the character of the article 
supplied. On the inquest, however, the foreman of the manufacturers 
stated that some of the iron used in the boiler in question, was of very 
poor quality, and therefore totally unfit for the use to which it was 
put. It thus appears that a good system of official inspection, would 
have prevented the use of either of these boilers, and therefore, as a 
consequence, their disastrous effects. 

Hoists fOr Iron furnaces. — At the last meeting of the Franklin 
Institute, attention having been directed by the Secretary in his 
report, to the hydraulic hoists lately erected at the Bosedale Iron 
Words, Mr. Coleman Sellers described a similar instrument, which 
had been for many years in use at the establishment of Messrs. 
Whitney & Sons, where it was used for moving the car-wheels into 
and out of the annealing ovens or pits. The peculiarity of this 
maehine is that a system of pulleys are separated by the action of a 
hydraulic ram, thus securing, by an inverse action of the pulley, a 
rapid motion in the hoist from a slow one in the ram. The President, 
Mr. J. y. Merrick, then stated that in many of our iron works, an 
air'hoist was used with good results. This plan was first introduced 
by Mr. John Fritz, at the Bethlehem Iron Works, at which two of 
these machines were now in use, one with a single column, the other 
with two. The arrangement is as follows: A long cylinder is 
provided, having the same height as the hoist. This is closed, and 
Ims a stuffing-box at the top, through which passes a wire rope, which 
is attached to a piston within, and passing over a pulley, is fastened 
at its other end to the platform of the hoist. Air from the furnace 
blast is supplied to the cylinder at about five pounds, and raises the car 
with its load, the weight of the piston counterbalancing that of the 
platform. 

Similar hoists to the above are used at the Lehigh Crane Iron 
Words^ Catasauqua, and at the Thomas Iron WotkA^ Hjc^^^^^^^^q^^ 



Pennsylvania. Tho President fartber deacribed the plan now Urgety 
used in pavement hoists, or those employed to raise goods from Btories 
below the ground to the level of the pavement. In this cass the plat- 
form was simply supported on the head of a ram, wbioh was raised by 
the hydrostatic pressure due to the head of water obtained from the 
mains or from an elevated cistern. Prof. R. E. Rogers also stated 
that he had inspected a hoist of this description in the Charing Cross 
Hotel, London, with a lift of 50 feet. 

We bear that one of these hydraulic hoists is to be erected in this 
city, with a lift of 80 feet. 

Th« dead stroke power hammer. — At the last meeting of 
the Franklin Institute, there was exhibited a model of this improved 
instrument, in its most efficient form. 
Thisapparatus, invented by Mr. Thomas 
Shaw, and first pat in operation by Mr. 
Philip S. Justice, may be described as 
follows : 

It consists of a ram, which ia ma- 
pended by means of a flexible connec- 
tion, such as a leather belt or combi- 
nation of leather belts, from a cast- 
steel spring, through which a recipro- 
cating motion is commanioated to it, 
from a erank. The line of motion of 
the ram or hammer is determined by 
guides. 

It follows, from this form of con- 
struction, that the hammer or ram ac- 
quires a velocity, not only such as is 
due to the descending motion of the 
crank, but also to the accumulated no- 
tion or force of the upward stroke, 
which is absorbed and stored in the 
spring, and which this spring, from its 
bow -like shape and. action, ia enabled 
to commnnioate to the ram, in the most 
efficient manner, that is to say, in sooh 
a way as to develop the highest possible velocity. 

This velocity, at the moment of striking, will be far beyond that 
ofuij other portion of the machine. The effect of a blow u 
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MB is known, with the square of its velocit j, and we can therefore under*- 
stand, that even a light hammer, striking the work with the immense 
speed obtained as above, will produce effects of a character enormously 
greater than we would expect, when considering only its weight and 
the motion of the machine generally. Thus, a 25-lb. hammer will 
forge down 2^inch bars, with great rapidity; a 100-lb. hammer 
will forge down bars of 4| inches ; a 1000-lb. hammer will forge 
blooma of 9 inches ; while the little 15-Ib. hammer, intended for light 
work, will readily work bars of 1^ inches. 

Another advantage obtained by this high velocity and light weight, 
is, that the blow is so sudden that there is no time to communicate 
the force to the anvil, but the work of compression in the body treated, 
absorbs a large part of the shock. With a hammer of greater weight 
and slower motion, this advantage would be sacrificed proportionally, 
mere of the force of the blow would be transferred to the anvil, and 
lass work would be effected in the intermediate piece under treatment 
This circumstance secures to the instrument two important features, 
durability and economy of maintenance. We thus find that one of 
these hammers, run for a year on very severe work, required no re- 
paiTy while a trip hammer used under identical conditions,, averaged 
98 a day, the year through, for repairs. 

iBiproTeiiicnta in oil presses, by John Slilui, were de- 
scribed at the kst meeting of the Institute. These consist in the 
introduction of corrugated surfaces, covered in turn by sheet&.of iron 
gause, between the bags in which the stearine and oil are separated 
by the action of pressure. By this means the drainage is . not 
restricted to the edges of the bags, but is distributed over the entire 
surface, by which the process is rendered very rapid and complete^. . 
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' lPrev«u«Uaii of OxygeM.--Winkler states that bisulpbat^.cof 
-tkukm may be substituted for sulphuric acid in obtaining Qxygeji frmn 

the black oxide of manganese, with the advantage that it.jE^ms « 
'foible mass not so likely to cause breakage of the retort, M i^o -hard 
*tfifl£ef df sulphate of manganese otherwise produced. >;:":: 

- l;ilew tteemlcal toy.— Take a sheet of..thtc1i:wl|^.l>^in^^ 
^]^i^^^ithottt siser^ttefa used for printed bookj^.. 
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a strong solution of bichromate of ammonia, and when dry, treat it 
likewise with an alcoholic solution of gum benzoin. Such a sheet, so 
folded that it will stand on one edge, if lit at its upper edge, so that 
it burns without flame, is converted as it burns, into a system of green 
serrated leaves, much resembling those of the fern. It meanwhile 
emits a pleasant odor. 

Experiments lllustratlngr tbe vibrations of strlnirs^ — In 
the proceedings of the Royal Institution, which we have just received, 
we find an interesting account of some experiments in the above sub- 
ject,, exhibited by Professor Tyndall, at one of the meetings of the 
learned society named. 

Among these, the following attracted our special attention : A rod 
was firmly fixed in a vice, in such a way that its shadow could 
be thrown upon a screen, and was then struck sharply at certain 
points, by which means it was made to divide itself into two or more 
vibrating segments and half segments, the former showing themselves 
as shadowy spindles, and the latter as fans upon the screen. The 
nodes were marked by dark points of stationary shadow. 

Again, a fine platinum wire was connected with a tuning-fork, and 
heated by a galvanic current. Tht) fork being now caused to sound, 
the wire received a vibration to which it responded, swinging as 
a whole, by which means its middle portion was cooled through its 
rapid motion in the air. The wire being then slacked, divides itself 
into two or more segments, of which the nodes are intensely heated 
and the ventres cooled, so that the appearance produced is that of 
many luminous spindles intensely bright at their points, but fading 
gradually into darkness at their thicker portions. The nodes show 
excess of brightness over the wire at rest, because the cooling of the 
other parts allows more of the current to pass. 

Test for amount of Carbon In steel. — It is stated that, in 
conducting the Bessemer process at Manchester, a quick and suffi- 
ciently accurate estimate of the amount of carbon present in any 
sample, may be made by dissolving a given weight in nitric acid, and 
comparing the color of the solution with that of a known standsrd. 
The brown tint increases in intensity with the amount of carbon 
present. 

Proposed ImproTement In manufacture of steel« — The re- 
nowned chemist, Graham, announces, as the result of some experi- 
ments lately made, that iron at a low red heat, will take up by an 
•iMKWptiYe action — without chemical union— 4*15 vols, of mrbonio 
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oxide. To eflfect, however, a combination of the carbon here present 
irith the iron, requires a much higher temperature, while this higher 
temperature, on the other hand, is unfavorable to the before-mentioned 
absorption. He therefore suggests that an alternation of these tem- 
peratures might be of advantage in the process of steel-making by 

cementation. 

Tlie cirstalllzatlon of glycerine on a large scale, was lately 

effected by the combined action of the cold weather and the jarring 

of the cars in which the substance was carried. The crystalline mass, 

when melted, would not again freeze at a temperature of 0^ F. while 

at rest. While melting, it maintained a constant temperature of 45^. 

IJgeflil products of the pine tree are now manufactured at 

Paris, as follows : Vegetable wadding, raw vegetable wool, flannel, pine 

extract, spirits and soap. 

Ice macltlne, by M. ToselU. — Some years ago this gentleman 

devised a simple instrument in which ice was made by the solution of 

equal quafitities of carbonate of soda and nitrate of ammonia in water. 

In this way a pound of ice was made at the cost of twenty-five cents. 

He now finds that by dissolving the carbonate of soda first, and then 

adding the other salt, a much more intense cold is obtained ; or, by 

substitution of a cheaper salt, not named, the same effect can be 

procured at a less cost. Thus, by his present plan, six pounds of ice 

cost but ten cents. 

Teiretable fibre Is converted into a substance resembling 

inolin, as is shown by Wm. Skey in the Chemical News^ 18G7, page 1, 

by the action of ammonio-nitrate of copper in solution. 

Sodium amalirani, when used for the extraction of Bilver^ works 

with remarkable efficiency, as we learn from various statements and 

letters published in the same journal. 

Iflld's mairneto-electrlc nia€lilne(of which a full description, 

with plates, was published in this Journal for December), according 

to a statement published by the Abbe Moigno, in Lcb Mondes and the 

Chemical NewSy heats very much when run continuously. 

SWteen electric lli^lits were employed to illuminate the Bois de 

Bwlogne during a skating fete this winter, as we learn from the same 

authority. The lights, each produced by forty Bunsen cells, were 

arranged on elevated platforms or towers erected for the purpose, and 

illuminated the ponds, the approaches and the skaters, in the most 

beautiful and satisfactory manner. 

OB spectrum analysis as applied to the heavenly bodieSy 
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illustrated with eighteen photographs of the most remarkable spectra, 
and of apparatus used in their study, has been prepared by Mr. Wm. 
Huggins, and published by W. Ladd, the well-known maker of 
philosophical apparatus. 

An electric llirlit Is used in the shops of the North Spanish 
Railway. 

Spectroscopes. — From a priced catalogue of these instruments, 
just issued by John Browning, we extract the following points, which 
will be of interest to some of our readers. The amateur's spectroscope, 
stated to be a good instrument, is furnished for X2 28. The direct 
vision spectroscope (in which the dispersion, without deflection of the 
ray, is obtained by means of four internal reflections and four refractions 
in two prisms) may be carried like a small spy-glass, in the pockety and 
costs <£4 48. The student's spectroscope, so arranged that two spectra 
may be seen at once and compared, fully adapted to all purposes of 
analysis, costs X5 58. The model spectroscope, from XIO 10«. to £50. 
The star spectroscope, from £7 7«. to £18 18«. Lastly, the micro- 
spectrosoope, fitted for those tests and examinations described by 
Dr. Sorby in the last volume of the Chemical New8j costs £5 b8. 

Tlie Bessemer process. — We have received from Mr. Z. S. 
Durfee, 418 Walnut Street, a very interesting pamphlet, describing 
the Bessemer or Pneumatic process of making iron and steel, with 
details of the machinery used, the peculiarities of the metal produced, 
the uses to which it has been applied, and a list of all the works in 
which this process is in operation. 

Plioto-sculptnre. — We learn from the Philadelphia Photographer 
(hat the process named above, and whose details (as practised in Lon- 
don) were some time since described in this Journal^ is aow carried 
on by Messrs. Huston & Kurtz, 895 and 897 Broadway, New York. 
The theoty of the operation may be thus briefly described : Twenty- 
.'foui* ph(^tographs are made of the subject, from as many directions, find 
'tfom'^a'cH photograph is cut out a profile, which being used as a' tQ'bl 
or template upon a block of clay in the corresponding position^ pro- 
' 'ddbeck at last a figure having correct profiles in all directions, -and 
'therefore needing but a few touches (developing the re-entrantcnglds) 
''torehd^r it a perfect likeness. In the plan as practised in England, 
'the. sitter was placed in the middle of a platform and turned r<Mm3 1^ 

•'t#0nty*four tiibvements in front of a single camera, ' ,' ^ 

In the present case, however, twenty-four cameras are employed, 
^oasd M JBW^'jpiates are exposed at once, thus saving mn^^^iSme^and 
mroiding riak o£ error from obiaiigQa m i^o^\\^oxi ^l ^^ i\\X»t. 
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(Continued from page 161.) 

THE NEW YORK "CENTRAL PARK:" 

By William H. Gbant, Superintending Engineer. 

CHAPTER II. 

• 

1st. — TRIAL-SAMPLES OF ROAD CONSTRUCTED AT THE COMMENCEMENT OF 
THE PARK, AND REFERENCE TO THE VARIOUS PLANS. 

2d. — PRELIMINARY AND FOUNDATION WORK IN GENERAL CONSTRUCTION. 

Gravel roads^ Telford roads and MacAdam roads. Theory as to 
road foundations. Relative cost of the samples, A modification 
of Telford plan. Preference developed^ in the use of the roads^ 
for the gravel road. Total lengths of the roads of the Park^ and 
lengths of the different kinds and widths constructed. General 
Construction. — Surveys and location of roads. Grades and 
Curves. Preparation of road-bed. Drainage. Road hydrants. 
Theory of drainage^ rainfall, <f (?. Observations on the drainage of 
the Park at large. Recapitulation of the drainage works and 
water pipes of the Park. 

At the commencement of the road-making operations of the Park, 
in 1858, three different samples of road were made. Suitable ground 
was selected for the purpose, on the line of an intended road, the 
width of which was fixed at 45 feet. 

The samples were from 350 to 500 feet in length, and were in- 
tended to test, as far as practicable, the cost, relative qualities, 
merits and facilities of construction of gravel roadsj Telford roads 
and Mac Adam roads. 

The gravel road was first commenced. The samples were not all 
entirely completed until the forepart of 1859. 

The depth of road material for all the samples was fixed at fif- 
teen inches. 

The details of gutters, silt basins, surface and sub* drainage, kc^ 
were matured during the progress of the work. 

The only material change that was afterwards made in the plans of 
the samples was in the reduction of the depth of the road materials. 

In the sample of gravel road the stone bottoming was composed of 
two layers ; the first was a layer of stones^ from 3 to 5 inches thiok^ 

Vol. LIIL 17 
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and 8 to 18 inches long, laid flatwise upon the road-bed, the interstices 
being filled with stone chips, or spalls. Above this layer was placed 
the paving, or "Telford** course, composed of stones from 7 to 9 
inches in depth, set on edge crosswise of the road, and wedged tightly 
together, and otherwise treated as will hereafter be described. [See 
Plate I.] 

The object of the double course was, principally, to give the depth 
of material considered necessary, without the rigidity, and some other 
inconveniences of construction, caused by using larger and deeper 
stones in a single course of paving. It was also further considered, 
that the bottom layer of stones would serve to make a more equable 
foundation, on soft ground, for the superincumbent materials, and at 
the same time more effectually prevent the working up of the under- 
lying earth ; — as stated at the time in a report made upon the subject, 
*The pressure upon any given point, by carriage wheels or horses' feet, 
will be distributed (by means of the bottom stones) over a larger area, 
the upper course, wedged and bound together, acting in some mea- 
sure as an arch, and transmitting and distributing the pressure to 
the course below. The tendency of the foundation stones to work 
upward — a matter that has been a good deal discussed by road- 
makers — is to be remedied by this means, together with sub-drainage 
and such an entire depth of road material as to prevent undue action 
of the frost.' 

* The softening of the road-bed, by water retained upon it, permits 
the stones to settle unequally and become displaced, one end sinking 
and the other rising, the frost heaving and loosening the mass, and 
aiding the operation, until the road material becomes generally de- 
ranged and imperfect. The method of sub-drainage described, and 
the depth and form of road materials used, are deemed sufficient to 
obviate this difficulty in all ordinary cases.* ♦ ♦ ♦ 4 j[jg f^^^^. 
dation stones, in any upward movement they may be supposed to be 
subject to, will be met by the resistance of the upper (paved) coarse 
which must rise with them in a considerable mass, unless that course 
is broken up or displaced by some more than ordinary usage or 
service.' 

This was said more especially with reference to the gravel road. 
The kind of gravel road proposed, not having been before to mocli ex* 
tent — so far as I could learn — adopted or proved, as in the case of 
the Telford road, it was thought the more necessary — as it wMoiioer- 
Uia whether the gravel would prove so firm and compact a body of 
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material over the foandation, and in aid of the foundation, as MacAdam 
Btone — to give the foundation additional security.* 

The hottom layer of stones had another advantage, which was that 
it admitted of using a considerable portion of inferior stones, as it was 
not necessary that the stones in this layer should be of so good a 
quality as those in the paring course. 

Upon the completion of the paying course, the gravel was depo- 
sited on the top, and the road was rolled and finished in the manner 
that will be more fully described hereafter. 

The bottom layer of stones was omitted in the Telford sample, 
following, in this case, the general plan upon which such roads had 
heretofore been constructed — that of a single paved course, sur- 
mounted with the ordinary MacAdam stone. 

The broken stone on the top of the Telford pavement, and also the 
last five inches on top of the MacAdam road, were from the hard boul- 
der stones of the Park ; the first ten inches of the bottom of the latter 
road being from the less durable gniess rock obtained in excavating 
for the roadways and other works of the Park. 

After the samples were completed, and some facts developed as to 
their cost, and other particulars, it was decided, on the ground of 
economy, to reduce the depth of the road material in the continuance 
of the work, and this left no longer in force the principal reason for 
adding, in the case of the gravel roads, the layer of stones below the 
paving course, viz : that of giving the additional depth, &c. It would 
not have been desirable to compose the bottoming of two courses of 
stone for the modified depth of materials adopted, inasmuch as both 
courses would have been lighter, and composed of smaller stones, than 
would be expedient. The question of cost was an important one, and 
it was thought best to yield to it, (though there was no doubt of the 
utility of the depth of material first used,) so far as to restrict the 
roads next constructed to a depth of about twelve inches. 

These three samples have formed a part of the ** east drive" of the 
Park for seven years past, and have remained firm, and preserved a 
remarkably even surface, under all changes of temperature and wea- 



* The only instances of similar gravel roads that had come under my observation 
previous to this timOi were two specimens that I bad built on private grounds ; the 
one in the District of Columbia, and the other in Westchester county in this State. 
The first road had been in use about three years, and I had received very &vorable 
aocoimtt of it ; the other was built for my own use, and had not been so long under 
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ther, and under constant service. The sample of grarel road, in par- 
ticular, has given most satisfactory results. 

In recommending the gravel road previous to the completion of the 
samples, I had stated — 

* 1st. That a gravel road is best adapted to Park purposes, being 
the easiest and most agreeable kind of road for both carriages and 
horses. 

^ 2d. That it is the cheapest as to first cost, and can be kept in 
repair at an equal, if not less cost, than any other equally satisfactory 
road/ 

These views were expressed after a careful investigation of the sub- 
ject, and some previous experience, and although not immediately 
adopted, they have been fully sustained by the ultimate results, as 
will be seen in the further description of the roads of the Park. 

The relative cost of the samples — the details of drainage, silt basins, 
gutters, &c., being common to all — was about as follows : 

Gravel road 1* 

Telford road 1-50 

HacAdam road 1*75 

Omitting from the estimate the bottom layer of stone in the gravel 
road, and allowing for the reduction of the depth of the Telford and 
MacAdam roads in about the same proportion, (as was afterwards the 
case,) gave the following results : 

Gravel road 1* 

Telford road 1 66 

HacAdam road 1 -70 

The MacAdam stone used in the Telford and MacAdam samples 
were broken by hand, but a proposal having been made during the 
progress of the work (which was afterwards accepted) to break the 
stones by a machine, at a reduced cost, the above estimates of rela. 
tive cost have been made by using the data of machine-broken stone* 

In proceeding with the construction of the Park roads in 1859, the 
MacAdam and Telford methods were mainly followed during that year. 
The depth of road material was reduced, as before stated, to about twelve 
inches. About 7000 feet of MacAdam road and 6000 feet of Telford 
road were built during the year. The MacAdam road had, as a first 
layer, a depth of broken gniess stone of 7 inches, with a top layer of 
5 inches of the harder boulder stone. The Telford road, in nearly 
equal portionSi was composed (above the pavement), in the one oast. 
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of the hard houlder stone, and in the other of 2 to 8 Inches of the 
gniess stone, surmounted with 8 to 4 inches of the boulder stone. 

About 3000 feet of road that was commenced on the Telford plan 
was modified (owing to circumstances not within the control of the 
engineer) after the paved foundation was laid, and 2 to 8 inches of 
broken gniess stone deposited on it, by substituting in the place of the 
superior hard broken stone^ as had been intended^ a light layer of gravel. 
The combination of broken stone and gravel was not found to work 
well. The gravel was surfaced and partially intermixed with lime- 
stone chips and stone dust — (refuse from limekiln quarries and de- 
tritus resulting from the breaking of large quantities of MacAdam 
stone,) — and was very thoroughly rolled, but from the want of homo- 
geniety in the broken stone and gravel, a proper bond or union of the 
two did not take place, and a tendency of the gravel layer to separate 
and peal off from the stone below was exhibited soon after the road 
was brought into use. This was especially the case in wet weather, 
the surface gravel being removed in the form of large flakes by the 
action of wheels and horses' feet. This portion of road was the least 
satisfactory (until subsequently remedied) of any of the kinds built, 
and the practice was not continued. 

During the following year, 1860, being the second year that the 
samples of road had been in partial use, about 2000 feet of Telford 
road was constructed, and the further extension of both the Telford 
and the MacAdam roads was thereafter discontinued. 

The public use of the sample of gravel road had demonstrated, in 
the meantime, the qualities claimed for it, and developed a clear pre- 
ference, on the part of the citizens of New York, for that kind of road. 
It was evident that they would be satisfied with no other of the tried 
forms, however perfect and complete they might be made. 

During this year, about one mile of gravel road was commenced 
and mainly Completed. The plan was the same as that of the first 
sample, with the exception that the bottom layer of stone, before 
mentioned, was omitted, and the depth of road material reduced to 
about twelve inches. Upon this plan, about half a mile in addition was 
subsequently constructed, t. e., with the Telford pavement as a base, 
when the plan was further modified, for purposes of economy, by sub- 
stituting for the pavement a mere deposit of rubble stones, and with 
this latter modification, gravel roads were thereafter exclusively 
adopted for the remainder of the work. [See Plate II.] 

The following statement shows the total length of the Park (car- 
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riage) roads, the lengths of the different kinds of road^ and the d 
ferent widths : 

KINDS or BOAD. 

MacAdam Road. — Material all of broken stone 1 2,434 

Telford Road. — Sub-pavement, with broken stone on top... 1 1,684 

• — ■ Sub-pavement, witb a layer of broken 

stone intermixed with a top layer of 

gravel 8,088 

Oravel Road. — Sub-pavement, with gravel on top 1 1,070 

Do. Quarry rubble-stone bottom (not paved) 

with gravel on top 4* 5,145 

Totel 9 2.811 



LXKGTH or ROADS OF DITrXBXNT WIDTHS. 

Widtbi. MilM. FeeC 

55 to 60 feet 1 1,795 

50 to 55 «* 2,491 

40 to 45 " 8 2,206 

80 to 88 « 4 158 

16 to 25 " 1,441 

Total 9 2.811 



With this general reference to the subject, I proceed to a more i 
and detailed description of plans and materials of construction. 

(To be continued.) 

KoTS. — Typographical corrections to Chapter I : 

Page 101, twelfth line from top, << old" for odd. 

•* 102, twenty-second line from top, " of" for on. 

« 103, twelfth line from top, <'one" for on, 

** 104, seventh line from bottom, ** engineers" for engineer. 

** 106, second line from bottom, ** specialty" for apeeialiiy. 

** 106, bottom line, transpose puUity and quantity. 

" 107, seventh line from top, "round" for rounds, 

* Of this, about two-thirds of a mile was finished with coarse-ficreeaed gr 
which will be farther mentioned hereafter 
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THE SUSQUEHANNA BRIDGE, 

ON THE PHILADELPHIA, WILMINGTON AND BALTIMORE R.B. 

Designed by Georox A. Parkkr, G.E. 

In fulfillment of the promise made to our readers at the beginning 
of the year, we now present the first of a series of papers containing 
a full, detailed, and illustrated description of the engineering work 
named above. Desiring to make this account as complete as possible, 
we have thought it well to begin with a preliminary Report, prepared 
by Mr. Parker, for the information of the Directors and Managers 
of the road, which has never before been published, and which con- 
tains many matters of interest to the engineering community. In 
addition to the topographical chart alluded to in this report, we sub- 
join a plate, showing the ground-plan of the bridge, its present con- 
dition, and its proposed form when covered with a sheet-iron casing, 
together with elevations of the abutments. 

These drawings are intended simply to furnish a coup cToeil of the 
entire work, as full working drawings of the several parts will be 
given in future. 

Having premised thus much, we proceed to quote the Report just 
mentioned. 



Eng. Otficx Susquehanna. Bridox, P. W. & B. B.B., 

April 15th, 1863. 
To S. M. Fblton, Esq., 

President P. W. and B. R. B. Go. 

Dear Sir : In reply to your late communication in relation to the 
Susquehanna Bridge, I beg leave to present the following 

REPORT. 

The great railway thoroughfare between the North and South is 
broken by the Susquehanna River at Havre-de-6race, one mile above 
the Chesapeake Bay, and four below the head of navigation and tide- 
water. 

This interruption to travel between the political and commercial 
centres of the country, though partially relieved by a ferry of the 
greatest excellence, has been long felt to be a serious public evil. 
Whether it could be obviated by a bridge was for many years a 
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question of great interest with the transportation companies particu- 
larly concerned, with the public> and with persons of science who had 
given it attention. The engineering difficulties were known to 
be great — they might be insuperable. In 1854, however, after mucli 
preliminary examination, an attempt at the construction of a bridge 
was made in earnest, but circumstances were such in the following 
year, that the undertaking, for the time, was abandoned. In the 
spring of last year, 1862, it was thought necessary to take further 
steps in the matter, and the undersigned was desired to make such 
professional suggestions as seemed suitable. After reflection, aided 
by the recollections of former examinations, an outline of a plan of 
a bridge was prepared and recommended for so much of trial as was 
possible during the current season. It was thought that the pier 
most difficult to construct, and most exposed,— the third one, accord- 
ing to the plan, from the eastern shore, — might be built during the 
summer and fall, and be fully tested during the succeeding winter 
and spring. It was determined to act upon the suggestion, but Dot 
till after it had become too late to hope for the completion of the pier 
before winter. Nothing more was undertaken, therefore, than the 
construction of its foundations, which were completed on the 11th of 
October. There being enough of the season left for the building of 
a pier in the shallow water, after some hesitation it was concluded 
to build the fourth one from the shore, where the depth was but eight 
feet, and the difficulties and risks comparatively slight. The founda- 
tions were completed oh the 29th of October, and the iron caisson, 
within which it had been decided to construct the masonry, secured 
upon them in two days thereafter. On the 28th of November, the 
masonry was finished to the height of seven feet above ordinary high 
water. The work of the season then closed. An open winter set in, 
which has been succeeded by a spring of uncommon mildness. Oar 
work, therefore, has been subjected to none of the tests that had been 
looked for. There have been no large accumulations of ice at 
the mouth of the Susquehanna, nor the usual freshets. So far, 
therefore, not much more has been demonstrated, practically, thaa 
the methods used of forming the pile foundations, and constructing 
solid masonry in ordinary depths of water. 

Whether to use the coming season in finishing the experiment with 
pier three, and waiting for the further tests of another winter, 
or, accepting the hazards, to adopt definitively the entire plan which 
has been outlined (if no better offers), and to proceed in its execution 
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"Vigorously, is now the question for consideration and settlement. If 
there were no urgency in the case, the first course might be reckoned 
the only prudent one ; it is but too well known that the demand 
for this bridge has now become so great, that it may be reasonably 
questioned whether it will be satisfied with so deliberate a mode 
of proceeding, if the other prompter course gives even a moderate 
promise of ultimate success. 

To say of any plan of this sort, that it has been prepared 
with care and deliberation, is but a small recommendation, and 
the fact that the present one is the result of several years of minute 
and systematic investigation, made under an almost painful pressure 
of responsibility, will not therefore be urged as a merit. It must 
carry with it its own evidences of truth and reasonableness, or 
it must be rejected, of course. But against casualties incident 
to construction, it will not be expected that it can furnish absolute 
guarantees. No scheme of engineering, involving new and untried 
methods of dealing with natural forces, can do this. It is only 
by taking advantage of nature's blind side that we prevail against 
her at any time ; and this advantage is dependent upon chance, 
never at our command, but to be patiently waited- for. There is 
never security from elemental irregularities. Floods, destructive of 
the costly preparations of months, will come out of season and con- 
trary to normal habits ; and the best contrived machinery will fail, 
inopportunely and disastrously sometimes, in consequence of the bad 
faith or unskillfulness of artisans. But these contingencies never 
can be impracticable elements, if their possible cost is not inordinate, 
and out of proportion. In a succession of seasons, surely some will 
be found to be propitious and sufficient, and it would be preposterous 
to expect, at this period, and in this country, a mechanical failure to 
be repeated on account of imperfect workmanship. Improvements 
never fail to follow primary inventions that contain a successful 
principle. These chances of accident, therefore, do not enter into 
the question of practicability, when their cost is within admissable 
limits. 

What has been devised for this work is believed to be demonstrable 
scientifically, the commercial element belonging to the case having 
therein its full valuation, but it is ofiered, nevertheless, under 
the conviction that it is not, and cannot be, altogether free from the 
doubt that always must surround projects of similar nature. Mr. 
Brunei, while at once the most adventurous and the most invariably 
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successful of modern engineers, rarely reckoned beforehand upon the 
unqualified success of any of bis schemes. In bis report upon the 
Victoria Bridge at Montreal, made near the close of his life, he 
observed, with an impressiveness only to be understood by an engineer: 
''Few of the great difficulties in engineering, resulting from the 
operations of natural causes, can be entirely overcome, or the result 
rendered positively certain by any amount of skill or at any cost 
The success is at best a question of degree, and what is called 
certainty, a mere calculation of probabilities; and a certain amount 
of risk, more or less, still remains, and while this is a strong 
argument against incurring excessive co^t in the execution of a work 
which, after all, can never insure certainty, it is also necessary 
to have it in mind, when considering plans which, speaking in general 
terms, have been found hitherto to succeed, — it is necessary to 
examine into the degree of that success, and to consider what value 
has been attached to the amount of risk still remaining in the 
examples serving as precedents, and what amount of risk it is wise or 
profitable to run in the particular case under consideration." 

And others as well as Mr. Brunei, when compelled by professional 
duty to assume the responsibility of inaugurating new enterprises of 
great cost and public importance, have felt, in perhaps equal measurOi 
this pressure of overhanging doubt. Smeaton had misgivings of the 
Eddystone during the whole progress of its construction, and never 
once felt sure of its stability till, with his own eyes, he saw it vibrate 
in a storm. It was only when he knew it would bend and recover 
that he was sure it would not break. The Menai Bridge was a 
subject of doubt and misgiving up to the very moment of its ultimate 
trial. Telford could not be persuaded of its entire success, notwith- 
standing that his plans had met beforehand every scientific test, till 
the actual trial had made doubt no longer possible. 

These are instances, after all, of doubts that were altogether 
fallacious, and therefore should not, perhaps, be discouraging. We 
cannot have the advantage of the skill of any of these eminent men, 
but our work may certainly expect to obtain the full advantage of any 
recent improvement in the general science of engineering, and there 
is no presumption in saying that this is very considerable. The 
public works of this country and Europe, executed within the last 
few years, are rife with improvements of all sorts. 

The situation in which it is proposed to place the bridge at the 
Buaqaehanna, is, as has been stated, one of peculiar diffioultji bat the 
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better these difficulties come to be understood, the less formidable do 
they appear. They consist principally in the unusual depths of water, 
the unstable nature of some part of the bottom, and the violence of 
the currents in freshets, and when charged with accumulations of 
ice. 

The site was fixed in 1853, after a most careful hydrographic 
Boryey had determined, that it was the best to be found within the 
geographical limits which the supposed exigencies of the great 
thoroughfare, to which the bridge was to be an adjunct, made avail- 
able. These limits covered only that portion of the river lying 
between its mouth and the head of Watson's Island. 

The choice of exact position lay between three principal routes, 
which are shown in the accompanying plan and profiles. The south- 
cmly route was open to the objection of deeper water, greater difficulty 
in securing foundations, and more length than was found upon either 
of the others. The upper one involved a practical division ot the 
bridge into two divergent parts, joined together by a curved embank- 
ment over the island. The middle route, however, was not finally 
selected till after the fullest consideration and most elaborate com- 
parison of relative advantages and disadvantages. 

The axis of the position is that of the present location of the P. 
W. and B. R.R., extended over the river from the eastern bank. It 
terminates 1600 feet north of the ferry, and is brought in connection 
with the southern division of the railway by a change of the latter, 
beginning 3300 feet west of the Havre-de-Grace station. 

The river debouches nearly a mile below, though it usually has the 
appearance of an arm of the bay till it meets the rapids, four miles 
above. Within these limits it is a basin, having a fall of only two 
inches from one end to the other. It is divided by an island about 
one mile in length and five hundred feet wide, which, at the upper 
end, is composed of high solid rock, protecting it from the wear of the 
Btream, and on the south has a bar projecting downwards nine hun- 
dred feet. This bar is crossed by the bridge line near its lower ex- 
tremity, the river being there divided into two channels. The shores 
below, upon both sides, are low and quite uniform out to the bay, but 
around the island they are crooked and higher, and in some places 
roeky. Above, they are very steep and even mountainous, and nearly 
everywhere of primitive rock. The tide ebbs and flows here from two 
to three feet. 

The currents are nearly vertical to the line of the bridge, and in 
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summer have not generally a velocity at the surface of more than 
a mile and a half per hour. It is somewhat remarkable, that, 
under certain conditions of the tide, they increase in force towards 
the bottom. Except in freshets, however, they do not acquire suf- 
ficient force to disturb the bed of the stream. Then they become 
violent, and changes of greater or less magnitude invariably result 
from their action. In extreme cases, the water at the centre of the 
channel has been known to move at the rate of twelve miles to the 
hour — more rapidly than it ever moves in the Missouri or Mississippi. 
No considerable changes in the normal directions of the currents oc- 
cur, except when they are diverted by the ice. The ice phenomena 
here, therefore, become of importance, and require a particular de- 
scription, a special interest attaching to them beside that merely 
practical, from the fact that they are the main cause of the prevailing 
doubts about the practicability of the bridge. 

As was stated, the first five miles of the river are, in effect, a basin, 
essentially under the tidal influence of the Chesapeake Bay. At the 
mouth, and extending for miles into the bay, there is but a thread ol 
a channel, near the western shore — contracted and sinuous — aflFording*^ 
passage for vessels of only nine feet draft. The wash of the stream — 
has deposited here a bar of alluvium, reaching almost to the surface. 
This basin is not often frozen over deeply, nor ever, till the water has — 
been dammed at the shallows below by the ice. Until this thaws, or is^ 
artificially broken up, no movement of the sheet upon the basin caa_ 
possibly take place ; and when one mass thaws, the other necessarily^ 
does, removing thereby whatever of danger it might contain. It doe9 
happen, however, that the process of dissolution is arrested by intense 
cold, at times w^hcn there may be a steady back-set from the bay, an<f 
then the ^^ slush" and broken floating ice unite, causing an excessive 
rise in the river. If the cold weather then continues, "packing" 
takes place on the shallows, and extends back to the foot of the rapids. 
During this process, the currents take eccentric courses, often direotly 
or diagonally across the stream, and if at such times there be a large 
increase in the flow from above, these currents, charged with broken 
ice in masses of great depth, look extremely formidable, though, under 
the circumstances, they really are not so in any degree corresponding 
to their appearance, as they consume the most of their momentum in 
their movements against each other. But they cause jams and ice 
hummocks at difi*crent points in the river, and occasionally dam the 
water at the head of Watson's Island so effectually, as to flood the 
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town of Port Deposit, two miles above. The rapidly accumulating 
force of the stream, however, in a few hours, demolishes these ob- 
structions, and reduces the level to the ordinary high water limits. 
With the ice in the jammed condition which has been described, con- 
tinued frost is very sure to result in the solidification of the whole 
mass within the basin. In the winter of 1851-52 a jam occurred 
which had exactly that result, and a track was built over the river, 
upon which trains passed for several weeks. In this condition the ice 
never moves in a mass. With the progress of the season it gradually 
'^rots,'* disintegrates, and with the first spring floods, moves harm- 
lessly into the bay. 

The ice above never passes the lower rapids till the mouth of the 
river is substantially clear. It then appears too late in the season 
for severe frosts, and always in small broken masses. These in great 
freshets are borne down into the bay with immense violence, but, de- 
tached as they are, and having no tendency to aggregate, they are 
like floating logs, not much more powerful than the water itself. 

A line of piers stretched across the river undoubtedly may be ex- 
pected to somewhat change its regirn£. A sheet of ice covering the 
whole area of the basin, will naturally break off* when melting at the 
line of obstruction, leaving the piers exposed to the pressure of what 
remains. The exact mechanical power of such a mass it is not easy 
to calculate. Under certain circumstances it may be considerable, 
but as it can never be cumulative, it is easy enough to find its extreme 
limit. The relation of the force to the weight will be that of the fall 
to the length. Thus: the length of the sheet of ice being 25,000 feet, 
its width is 3300 feet, the difference of level between its upper and 
lower ends 2 feet, its average thickness 1 foot, and its weight per 
cubic foot 55 pounds, the whole weight will be 4,537,500,000 pounds, 
and the whole pressure 363,000 pounds, or about 16 tons to a pier. 
This must be the maximum while the ice remains together. Its effect 
would, of course, be imperceptible upon a pier having a weight over 
the line of impact, exceeding three hundred tons. In a rapid thaw it 
might occur that the sheet within the eastern channel would break off 
at the head of Watson's Island, and pass out between the piers in a 
partially melted state, leaving all above and west of it unbroken. 
The remaining mass, disintegrating, immediately afterwards, would 
allow of the possibility of somewhat largo masses of ^'rotten" ice 
passing down through the opened channel against the intervening 
piers. Bat these could not exceed 600 feet square, nor a foot in 
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thickness. The length of the plane of descent might be 4000 feet, 
and the whole fall 6 inches. Supposing them to move with the water, 
their greatest velocity would be 5*67 feet per second, and their mo- 
mentum 93,600 pounds. One-half of this, say 47 tons, might possibly 
strike a single pier, and if that should happen to be the deep water 
pier, the pressure of the water and ice together, upon that pier, would 
be 110 tons — about the one-twelfth part of its inertia. 

The bed of the river, on examining it, after reopening the question 
of building the bridge, last year, appeared to be not much altered st 
the positions which had been subject to particular observations in 1853, 
except at the bar, and on the lower shoals, where it was found that the 
current had silted up the bottom from one to three feet. The profiles 
referred to, show in detail the slight changes discovered at the line of 
the bridge. At the points where the soundings were taken, the bot- 
tom was bored wherever it was penetrable. For a distance of 1100 
feet from the western bank it is shelving rock, with here and there a 
patch of sand two or three feet deep. East of that it has, first, the 
usual stratum of river sediment, one to three feet thick, and next a 
sandy alluvium varying from two to ten feet in thickness, and below 
this a layer of nearly pure gravel and sand resting upon the primitive 
ledges of granite. The earthy formation is undoubtedly a deposit of 
the detritus of the stream, the law governing delta formation being 
plainly visible in the stratification. As the original mouth of the 
river — between the Capes of the Chesapeake, perhaps — silted up and 
receded the purely mineral matter, borne along with the water, settled 
upon the organic surface left by the attrition of the currents, and on 
that have subsided the lighter debrisj in the order of their density. 
The depth of the underlying rock has not been ascertained eastward 
of the bar, but its position is of no practical account, since it is known 
to be too far down to afford support for a bridge. At a point 25 feet 
beyond the edge of the eastern channel, it is 65 feet below low* 
water level, and thence it gradually rises to where it begins to form 
the bed of the river. 

That piers could be built at all the points where the rock was found, 
was plain enough, though at a cost proportionate to the difficolties— 
certainly very considerable ; but where the rock was too remote to be 
reached by foundation piles, the practicability of building permanent 
piers could only be determined by actual experiment — by ascertaining 
if the lower earth stratum that overlie the rock could sustain the lie* 
oessary weight. Upon this test, therefore, tamed the whole qnestioft 
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if the practicability of the bridge, and no time was lost in applying 
t as thoroughly as was possible, after commencing the investigations 
f last year. Experimental piles were driven at every doubtful point. 
?he results were variable, but in the main were so favorable as to 
lermit it to be assumed, provisionally, that pile foundations would be 
iTailable. The shape of the bridge, that is, the form, number and po- 
lition of its piers, and its superstructure were then considered with 
'eference to the section of the river, at the highest stage of water, to 
ts channels, to cost — both of money and time — and also to the require- 
nents of the charter. To conform to the law, the bridge, as located, 
hould have a pivot-draw at each channel, with openings of 60 feet. 
The second draw was evidently an evil to be avoided, and fortunately 
t was found possible to dispense with it, and practically to comply 
rith the charter also, by so locating a single one as to make it serve 
or both, after opening a new passage-way for vessels above the line 
rf the bridge. 

The main current of the eastern channel was found to be about 250 
eet wide, and 42 to 52 feet deep. The currents on the western side 
»f the river, where the deepest water was ?.0 feet, were not confined 
iO particular channels, their force being pretty evenly divided over a 
ridth of 800 to 1000 feet. West of the bar, therefore, there was no 
concentration of force in the water, to anywhere interfere with build- 
ng. In the ^' gut" of the eastern channel it was obviously inexpe- 
lient to build, even if it were possible or safe. 

The shape of the trunk of the river never changed much, the 
^eatest rise ever known being less than six feet above ordinary 
low-water. 

Out of this summary of facts, the first deduction was the necessity 
For adjusting the bridge to a span of 250 feet over the deep channel. 
The next was the principle that within that length of span, the total 
cost, including superstructure, increased inversely with the length; 
that is, it was found by calculation, using either form of superstruc- 
ture, that the part of the bridge lying east of the draw, in length 
about 1800 feet, would cost less, if divided into seven spans of 250 feet 
each, with seven piers, than the same would cost if divided into nine 
spans of 200 feet each, with nine piers. No question as to permanent 
value was here involved, for it was as well known as any other engi- 
neering fact, that a superstructure of wood or iron, divided into spans 
of 250 feet, might be both as strong and as durable as one having 
imaUer divisions. 
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The timber bridge at Bellows' Falls, in Vermont, upon tbe line of 
the Sullivan Railroad, having spans of 250 feet, had been standing 
since 1860, and had proved as eflScient as any of less dimensions, 
though it had been subject to uncommon trials. The centre deflec- 
tion, when this bridge was tested by three heavy locomotives, drawing 
a freight train at a speed of 25 miles to the hour, was nine-tenths of 
an inch, the permanent set remaining being about one-sixteenth of an 
inch.* 

The advantage to the water-way of these large spans, though not 
an obvious truth at the first sight, was found to be relatively as great 
here, where the stream has the unusual width of nearly a mile, and an 
average depth of more than 22 feet, as in the more common situations 
of narrower channels and more excessive fluctuations. The general 
facts pointed to a rigid observance of a primary rule of engineering, 
restricting obstructions to the flowage to a practical minimum^ by 
limiting the number and size of the piers. Provision was to be mado 
for the discharge of all the water of a river of the first class, and the 
pressure due to increased flow during freshets, must be the same hero 
as it was known to be elsewhere. It had to be considered that ia 
none of the vicissitudes of water flowing in channels, could an increase 
in volume alone be any reliable index of the quantity in motion, or 
of its mechanical force. The lower reaches of great rivers were 
known to be of a nearly invariable section of orifice. The Danube 
was neither broader nor deeper after receiving the Inn, nor its peri- 
odical changes more considerable than those of the Susquehanna. 
This uniformity of volume under all circumstances had a partial ex- 
planation in the main fact, that during floods, and while the swollen 
rapids were brought even with the connecting planes above and below, 
submerging the obstructions, which in the common stages operate 
effectively in neutralizing momentum, a large portion of the particles 
of water near the rivers* mouth receives the full force due to the total 
descent of the stream and its affluents. The velocity and pressure 
were nearly as the whole fall, and the discharge in proportion to the 
accelerated velocity. 

But a more cogent reason for giving to the bays the widest practi* 
cable limit, than any to be deduced from these more general facts and 
considerations, lay in some of the anomalies which the situation dis- 

* NoTK. — This bridge was designed and built by Mr. Parker, and was the first 
timber bridge for a railroad of so long a span^ erected in this or any other country. 
— Bd. 
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covered. For instance^ the force of the stream there, upon any theory 
of calculation thought to be applicable, was that due to a velocity 
under six miles to the hour, while the measured velocity in the centra 
of the channels was fully twelve miles to the hour at the surface of 
the water. 

The structure having to be of a strictly utilitarian character^ art 
could claim little more of it than a decency of proportion, and as much 
of symmetry as could be attained without sacrificing economy. 

Upon the whole, it seemed to be best to fix the channel span with 
strict reference to its shape, and the length of that being 250 feet, to 
make all the other regular spans the same, placing the draw at the 
point where it would best answer the double purpose required of it. 
Liaying out the work upon this idea, it was found that twelve complete 
spans of that length, with a draw of 175 feet, brought the ends of the 
bridge, where abutments were required, sufiSciently within the line of 
existing and permanent projections from the shores, to secure them 
amply from any possible wash of the river. The site of every pier 
was exactly determined, carefully surveyed, and, where practicable, 
tested by piles, driven by a ram weighing two thousand pounds. 

( To be continued. ) 



ON THE IMPROVEMENT OF RIVERS AND HARBORS 

THROUGH THEIR DELTA. 

By D. S. HowABDi Civil Engineer. 

Water is so nearly a perfect fluid, that it is influenced by the slight- 
est force, whether at rest or in motion. When at rest, a mild wind, if 
continued, will create a violent oscillation, in the shape of waves or 
swells. If in motion in a channel, however smooth, the slightest in- 
equality of resistance on the sides will cause a vibratory motion from 
side to side, with violence proportioned to the velocity of the currentp 
which will also be the measure of a similar motion between the sur- 
face and the bottom of the stream. The length of the vibrations indi- 
cate, by proportion, the depth as well as the width of the stream. 

A combination of these forces, when sufficiently strong to be ob- 
served, produce what are called ripples, in small streams, — in larger 
ones, rapids. The motions are the same in waters of less velocity ; 

Vol. LIIL 18 
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though the surface be smooth, the thread of the stream vibrates from 
side to side, and from surface to bed, with the same certainty, and 
with a force in exact proportion to the velocity of the stream. 

These laws are also answerable for the formation of *' breakers," 
when the dead swells of a deep sea approaches the shoal or beach ; but 
we need not carry this general discussion further, as the object of the 
present writing is to illustrate the laws that govern rivers with a plu- 
rality of outlets, such as the Ganges, Nile, Danube, Mississippi, &c., 
which divide their waters through their delta into two or more streams. 
These streams are, all in their turn, the main outlet. The shortest will, 
of necessity, have the greatest velocity of current, which not only calls 
for the largest share of the debris from the upper waters, but creates 
greater force in the oscillating motions mentioned, which wear away 
the banks, and form bars and bays, increasing the delta, and other- 
wise adding to the length of the current, until the velocity is less 
than that of some other one of the outlets, when the superiority of 
outflow will be transferred to the shortest and most direct of the other 
channels, until the same causes, in the course of time, shall have in- 
creased the delta in that direction, and in other ways shall have 
lengthened the current of the stream, when the next most direct outlet 
comes in for its turn. 

The time required for these changes is determined by the age and 
extent of the delta, and the specific gravity of the material forming 
it, which indicates its inclination, and the consequent velocity of 
water required in its formation. 

The heavier the material, the greater the velocity required to carry 
it through ; consequently the heaviest will stop short of the outlet in 
the bed of the river, until the necessary greater inclination is pro- 
duced, while the lighter part of the drift is spread upon the overflown 
banks, raising them, in the same proportion, to the same inclination. 

A thorough investigation of these laws to a full realization of them, 
will point directly to the only successful course to be pursued in the 
improvement of rivers through their delta. 

This is a question, to most engineers, never yet satisfactorily set- 
tled. None of the usual appliances on channels with permanent banks 
can be made successfully, such as dams and locks, dykes, levees, kc 

In addition to the great expense of such structures, on so uncertain 
a foundation, they have a tendency to favor a larger flow through 
Bome other channel, which it is the main object to prevent. 

When the largest portion of water is permanently Becured to thB 
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channel selected for improvement, the others will gradually fill up and 
become extinct. Therefore, all the eiforts made should be to shorten 
and enlarge the one we wish to improve, by straightening and re- 
moving all obstructions to an easy flow to the outlet. 

The straightest channel, through the same extent of delta, will be 
the shortest, and the shortest will give the greatest velocity to the 
water, which, with a little assistance, will scour it out to a capacity 
sufficient to cause the waters of the upper stream to seek the improved 
channel, for the shortest and easiest way to reach their destination. 

No attempt should be made to force the water into the improved 
channel, which should be constructed with an uniform bed, low enough 
to require no other force than that of gravity, to bring the water 
through it. There is no foundation by which any other force can be 
made available in the deltas of rivers. 

The piers or jetteys at the outlet for the harbor, if any be required, 
should not contract the channel so as to prevent the sea-level from 
setting as far up the channel as possible, as the velocity of the current 
is a measure of its length. They should only be fitted to prevent the 
coast winds from filling the channel with material from the beach. 
They should extend into water so deep, that no ordinary swell should 
ever reach the bottom with force enough to disturb it, and only near 
enough together to prevent the coast winds from getting up a sea be- 
tween them. Then, if a uniform channel through the outer bar be 
made, of the same depth as the water inside, and an ample breakwater 
be placed at a proper distance from the piers, to prevent the direct 
sea winds from creating swells between them, calculated to precipitate 
the sediment before it leaves the channel, no deposit of much conse- 
quence from the river will stop short of deep water. 

The situation of the outlet may be such that but one jettey will b« 
required. When the prevailing winds are coastwise, or a little in- 
clined, and the surface currents correspond, as at the mouth of the 
San Juan Del Norte, Nicaragua, one jettey on the windward side is 
better than two, particularly if there be a curve in the coast, forming 
a fair lee shore, a proper distance from the jettey, which should be 
extended at right angles, or nearly so, to the prevailing winds, and 
terminate in deep water. 

The length of the jettey should be proportioned to the distance 
from the lee shore, and so situated as to form a centre for the first 
motion of an eddy, caused by the winds and current, assisted by the 
onder-tow fiom the lee shore and the outflow of the river, with the re* 
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Bistance of the jettey, by all which a resultant force will be created, 
that will scour out a channel along the side of the jettey, and leave 
all deposits at the end, in a direction determined by these combined 
forces. 

There is but one thing more to complete the permanent improve- 
ment of the river and harbor. This is the control of the freshets, by 
reservoirs at the headwaters, which is sometimes the cheapest way to 
begin the improvement, for by this means, nearly all the material for 
bars is left in the bed and on the banks of the upper waters. 

The only objection to the reservoir system is the necessary over- 
flowing of land, but this objection is generally more than balanced by 
rescuing more valuable lands from inundation by freshets, to say n 
thing about the destruction of other property, and sometimes huma 
lives as well. 

A partial control is better than none. Sometimes a very small ex 
pense will control a large amount of water; for example, by dammin 
the outlets of small lakes, very common. at the headwaters of mos 
large rivers — making the spilling way very narrow and the abutment 
very high — thus requiring the lakes to rise much higher than usual 
without a sufficient discharge to create a freshet. Such reservoirs ar 
very useful, without gates or attendants, or any supervision whatever 

6an Juan del Norte, Nicaragua, March 12, 1867. 






From the London Engineering, No. 62. 

THE FLORIDA AND CUBA CABLE. 

The India Rubber, Gutta-percha and Telegraph Works Compan;^ 
(Messrs. Silver & Co.) are at present manufacturing a cable for sub^ 
mergence between Florida and Cuba. The length of the cable is oni 
hundred and ten miles. The conductor weighs one hundred and sevec" — j 
pounds to the nautical mile, and is insulated with one hundred an( 
Beventy pounds of gutta-percha. The core is served with hemp i] 
the usual way, and is covered with twelve No. 9 galvanized iror^^ 
wires. The complete cable weighs about two tons to the nautica' 
mile. This is, we think, the first instance where a cable of anythin[ 
like this length, and having a gutta-percha core, has had the con 
manufactured and the iron wires applied on the same premises, thui 
saving the risk attendant on the transport of the core from one fac — 
lory to another. The small weight of this cable is another instance 
showing that the Americans are still learning the lessons as to the lif^ 
of cables, which have been learnt at such coat by our own largo aai^ 
marine telegraph companies. 
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AN IMPROVED FORM OF THE HOLTZ MACHINE. 

By Chiblrb T. Ghestee, Esq. 

Wb give below a drawing of a Iloltz Machine which has jOBt been 
ODBtructed and put ia operation most successfully, bj Mr. C. T, 
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dhcBtei , of the firm of C. T. & J. N. Chester, in New York, well 
cnown as extensive manufacttirerB of all apparatus used i^ telegraphy. 
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The novel features in this machine, and those "which give it special 
efficiency and convenience in use, are the following : 

Ist. With the exception of the rotating plate and sectors, the 
whole instrument is made of vulcanite and brass. 

By this means, every part may be made with perfect precision and 
great strength and firmness ; while in the original instrument, many 
parts being made of glass rods and of wood, there was great want of 
accuracy in adjustment, and that general BhackJy condition insepa- 
rable from tbe use (in a complicated machine) of such a material as 
glass, which is at once easy to break and difficult to shape into the 
desired form. 

2d. The paper inductors are supported on spear-shaped plates ot~ 
glass, each of which is separately adjustable as to its distance from 
the revolving plate and its angular direction, and may be replaced — 
with great facility in making experiments. This is a great advantage:?^ 
over the large and delicate plate with its five openings, used in th^ 
original machine, where no change was possible in the individuals 
inductors, and a fresh plate (very costly and difficult to prepare) wa^ 
required for each new combination. 

3d. The junction of various parts is effected by strong-threadedL 
rubber screws, so that in a few minutes the machine can be taken to^ 
pieces, or a single portion may be removed without disturbing th^^ 

rest. So far was this from being the case with the original instru^ 

ment, that a very slight alteration sometimes involved the entire dis 

connection of the whole instrument. 

In regard to the performance of this machine, Mr. Chester write^^ 
as follows : 

*' Only one set of sectors have been tested with this instrument^ 
with very good results. Several different sized tubes are used fo^T' 
condensers — the larger sizes have given the best results, as th< 
machine develops much quantity. Very voluminous sparks an 
flashed between the buttons when separated between three and fou*:^ 
inches, but when in best condition, the sparks leave one of tbe button^^ 
and spring to a portion of the condenser, five to six inches, and alter — 
nating with these long sparks in air, many flashes between seven an^ 
eight inches, spring within the condensers or upon their surface^i-^ 
Several new sectors are in course of preparation, and will be compared^ 
with the originals. No insulation has seemed necessary since the first* 
No weather has thus far prevented the operation of tbe machine* 
*^ The original Holtz machine, which was in my possession for some 
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time, was so arranged as only to work by uniting the two poisitive and 
the two negative collectors. This arrangement gives a good result 
with this American machine, but it is far exceeded in brilliancy by 
the connection of three collectors against one. The machine seems 
capable of a much higher development." 



PROPOSED CHANGES IN THE HOLTZ MACHINE. 

We translate from the Comptes RenduSj of January 7th, a portion 
of the remarks made by M. de Parville at a meeting of the Academy 
of Sciences held on that date. 

'^ I now have the honor of submitting to the Academy, a new ar- 
rangement of electric generator which I have just devised, but for 
which I ask permission to date from to-day.*' 

** In all apparatus before described — in the machine of M. Holtz— 
in the electrophorus of M. Plche, the disc induces equal quantities of 
electricity in equal times, and the discharges being continuous, the 
tension remains the same after each turn of the handle." 

" When the inductor polarizes the electricity imperfectly, or when 
the hygometric condition of the air hastens the loss, the machine, 
after a certain time, will not work, or, in fact, in all cases the tension 
on the collectors decreases if you do not renew the discharge." 

" I propose to make an electrophorus with inverse properties, that 
is to say, working with a substance which is partially isolating, and 
in which the tension, instead of diminishing, augments proportionally 
to the turns of the wheel. At each revolution of the disc, the machine 
multiplies its first charge, and the tension is only limited by the loss 
which results from different parts which diffuse electricity in damp air, 
agreeing very nearly with Coulomb's law." 

•* This is my arrangement : 

<^ A disc of material, which is not a good conductor, is adjusted to 
turn on an isolated axle, before two half-plates, which are distinct and 
separate, allowing the axis of rotation to pass between them. Before 
the disc are placed comb collectors terminating in balls which collect 
different kinds of electricity." 

" The plates of isolating substance, which are partly covered by 
conducting plates, serve as inducing elements, as the stationary plate 
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of M. Holts or the sectors of M. Piche. Each of them has in its cen- 
tre, and pei'pendicular to its plane, a metallic handle terminating in a 
comb. At a short distance from these combs, and supported on the 
same prolonged axis of rotation, turns a second disc, similar to the 
first, before two different plates, equally distinct and separate. Finally, 
the balls of the collectors are respectively connected by metallic wires 
with the two last plates." 

'^ It is only necessary to give a rapid rotary motion to the axle of 
the machine ; when it is so arranged a continuous jet of powerful 
electricity should continually flash between the poles of the collectors." 
** You can electrify one of the inductors. However, according to 
Faraday's theory, the two inductors finally electrify themselves di- 
rectly, by the intervention of the middle moving part. The movable 
disc receives contrary electricity, and the collectors are charged." 

A mathematical discussion of the subject, which we do not think 
likely to interest our readers, here follows, after which — 

*^ It is then seen that in this condition the inductor would not fail 
to polarize the electricity, the multiplying discs would be constructtd 
of partially isolated material, the machine would not be less charged, 
and the longer it was worked the better it would become. The ex- 
periments which we have made with an imperfect model give us these 
results." 

Some remarks of a controversial rather than scientific character, 
here follow, which we do not think it worth while to reprint. 

Ed. 



AN IMPORTANT ADJUNCT TO THE INDUCTION COIL 

By Henhy Mobtov, Ph. D. 

The use of Leyden batteries with the Induction Coil seems to me 
not to have received the attention which the subject deserves. The 
enormous quantity of electric force set in motion by this machine, 
and the splendid effects produced, (especially in the eyes of the ope- 
rator, who is moderately near the apparatus,) have probably diverted 
attention from those means which might be enlisted for yet greater 
development of these effects. 

The requirements of lectures delivered in large buildings have, how- 
ever, led me to study those means by which the most brilliant effect 
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possible night be secured to various experiments, and as the results 
obtaioed have, to the best of my knowledge, never as yet been pub- 
lished, I proceed to put them on record for the benefit of all who may 
be interested in the subject. 

As a starting point, I would remark that, as is well known to all, 
the introduction of a Leyden jar into the secondary circuit of the Coil, 
shortens the spark and increases greatly its brightness. This increase 
of brightness is due to the concentration of the entire discharge into 
a single and instantaneous ^park of intense temperature, as shown in 
the spectrum investigations of Plucker. It might, therefore, be ex- 
pected that the light obtained by this discharge would be richer in 
actinic rays than that developed by the unaided coil, even if its lu- 
minous character was (by reason of diffusion in rarified gases, or the 
like,) but little increased. These actinic rays, however, are exactly 
those which develop the beautiful phenomenon of fluorescence ; hence, 
we ought, by the addition of a Leyden jar, to increase, in a marked 
manner, the beauty of experiments in which this fluorescence plays 
an important part. The first instrument tried with this view, was the 
Electric Egg of Canary glass, made by Mr. Ritchie, of Boston, and 
which, within a range of twenty feet, is so beautiful an object, even 
with the simple current. It was found that the fluorescent light of a 
rich emerald green from the glass vessel (18 inches in height by 7 
inches in diameter) was at least doubled by the use of a jar ; though 
the flame-like discharge within, showed little increase in brightness, 
Bufiering, however, a change in color, from peach color to pink, with 
a diminution of the blue glow on the negative pole. 

To secure the action described above, it is necessary to make some 
break in the circuit beside that in the exhausted vessel; as otherwise, 
the discharge would take place so readily that the fluid would not 
accumulate in the jar, and thus acquire volume and concentration. 

The above arrangement has, without doubt, been used by many ; 
in fact, I find, on inquiry, that Professors Robert E. Rogers and John 
F. Frazer, of this city, have both employed it. As, however, I also 
find others who have not so done, and do not find any notice of it even 
in works treating especially on the Induction Coil, such as Du Moncel's 
book of 400 pages, (Notice sur TAppareil d'Induction Electrique de 
Buhmkorfi*,) and Noad*s ^Inductiorium* of 109 pages, I have thought it 
be^t to give the foregoing description. 

The arrangement above recorded, though entirely satisfactory in 
the case named, is limited in its sphere of application by the reduced 
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length of the spark. Thus, with the apparatus I possess, whose spark 
length is 8 inches, no discharge can be obtained in an Aurora tube of 
5 feet, when the jar is introduced. So, also, with the longer Geissler 
tubes, whose spiral passages develop a length of some feet. 

To overcome this difiBculty, resource was had to the following expe- 
dient : Several jars were arranged so as to be charged by cascade. 
This plan was first devised by Benjamin Franklin, to save labor in 
charging a large battery, and is mentioned in his Philosophical fig- 
says, as well as by many others who have written since ; among whom 
Mr. Boggs seems first to have pointed out that the spark length waa 
in this way greatly increased. SiUiman*8 Journal^ II., 7. 418. 

In the case of the coil I find, that, while sparks of but one inch are 
obtained with a single jar in connection, six jars arranged for ^^ cas- 
cade" increase the striking distance to 4 inches. 

By this means, therefore, the difficulty as to spark length may be 
overcome, but not with convenience, as few things could be more 
unwieldy and fragile than such a combination of jars. I had, there- 
fore, resource, at once, to a battery of plates identical in principle 
with that described by Franklin in the essay before quoted, but dif- 
fering in detail of construction, and in various appliances. 

The simplest way to make such an arrangement is to procure a 
photographic negative box, capable of holding two dozen 8 by 10 inch 
plates. (This is the minimum size for an 8-inch coil.) Place in the 
grooves provided in this box, 8 plates of glass, ( 8 by 10 inches,) having 
sheets of tinfoil, 6 by 8 inches, with rounded corners, pasted upon each 
side. The plates should be equally spaced, and about f inch apart 
Then connect the adjacent coatings of successive plates by balls of 
rough paper wrapped with a strip of foil, and pass a copper wire, in- 
closed in a glass tube, through the lid of the box at each side, so aB 
to make connection with the outside coatings of the extreme plates. 
These terminal wires being connected with the coil, sparks of 5} 
inches are easily procurable, and are characterized by the white light 
and loud report peculiar to the Ley den jar discharge. 

With such an apparatus, all the usual vacuum experiments are 
easily managed, and the beauty of most, wonderfully increased. 
Thus the Aurora tube, in place of showing a stream of light half an 
inch wide, is filled throughout its length and diameter of three inohcB. 
The large goblets of Canary glass supplied by Mr. Ritchie, for tha 
cascade experiment of Gassiot, eight inches high and six inches 
across the bowl, in place of shining faintly, with a dark green^ almost 



AN IMPORTANT ADJUNCT TO THE INDUCTION COIL. 



259 



invisible, at thirty feet seem so luminous as to be opaque with their 
own light, like white-hot glass, and give an emerald color, which is 
even brilliant at a distance of fifty feet. 

So with other similar experiments. With the Geissler tubes 
of small diameter, however, this apparatus produces no improvement, 
but rather a loss of effect. The small size of the passage seems to 
occasion a resistance (due to induction in the material of the tube) 
which it requires time to overcome, and against which, therefore, this 
instantaneous flash acts at a disadvantage. 

To throw the battery above described, in and out of connection, 
and at the same time make the required changes in the continuity of 
the circuit, the following plan has been found very convenient. 

The base-board in the figure represents the top of the box contain- 
ing the battery ; A and b represent the terminals of this battery, 




being connected with the outside coatings of the extreme plates, by 
wires inclosed in the supporting tubes. The frame F P E o, consists 
of brass rods and balls, F P and o G, and of cross-pieces, P o and F E, 
of vulcanite or glass, of which F E turns with friction in the wooden 
upright, c D. By this means the balls, P, may be put in contact with 
the battery terminals, as in the cut, or raised from them. The caps 
H and N, on glass supports, hold wires leading to the apparatus to be 
exhibited, while the wires from the coil are attached at B and F ; F 
and H are also permanently connected by a flexible wire. 

When the ends of the frame are depressed, as in the cut, and the 
battery is consequently in connection, a break in the circuit to the 
apparatus is introduced, between a and E. This can be regulated as 
to its amount, by sliding K M through N. 

When, howeyer, the connection with the battery is broken^ by 
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raising o P from A B, o comes in contact with K, and the coniiection 
between coil and apparatus is rendered perfect. 

I find a battery of greater surface, more effective with large 
experiments than that described before. Its construction is, however, 
identical with the former, except that glass plates eleven by fourteen 
inches, with tin-foil coatings eight by eleven inches, set one inch 
apart in a box of the required size, are employed. 

There is another point in connection with the coil and Leyden 
jars, which is of great importance to experimenters in electricity* 
namely, that all the ordinary experiments in attraction and repulsion, 
the chime of bells, sportsman and birds, electrical umbrella, orrery, 
flyer, &c., may be operated with perfect ease, by connecting the 
apparatus in question with a Leyden jar or battery, and then 
charging this latter as usual, with the coil ; that is, by connecting the 
outer coating with the negative pole, and throwing sparks from the 
positive pole at the knob. 

This seems so simple a plan, that I hesitate to mention it as a 
novelty, though I find no word to this effect in any of the many 
books which describe the experiments that can be performed with the 
coil, or in the catalogues of manufacturers, who would hardly omit so 
important a feature, and so strong an inducement to purchasers, if 
they were aware of the fact. 

Others, however, may, like myself, until lately, have been prevented 
from trying, by the general impression that nothing was to be done 
in this direction, and if so, will be profited by the suggestion. 



From the London Mechanics* Magazine, January, 1866. 

ON SOUNDING AND SENSITIVE FLAMES* 

By Professor Tyndall. 

The sounding of a hydrogen flame when enclosed within a glass tube 
was, I believe, first noticed by Dr. Iliggins in 1777. The subject has 
since been investigated by Chladni, De La Rive, Faraday, Wheatstone, 
Ilijke, Sondhauss and Kundt. The action of unisant sounds on flames 
enclosed in tubes has been investigated by Count Schaffgotsch and 
myself. The jumping of a naked fish-tail flame in response to muBicil 
sounds was first noticed by Professor Lecomte at a musical party in 
the United States. He made the important observation that the flave 

^ ^ . _ _^^^ > 

* Bead before the Boyal lostitution of Great Britain, January 18th, 1867. 
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did not jump until it was near flaring. That his discovery was not 
further followed up by this learned investigator was probably due to too 
great a stretch of courtesy on his part towards myself. Last year» 
while preparing the experiments for one of my '* Juvenile Lectures," 
my late assistant, Mr. Bnrrett, observed the efi'ect independently ; 
and he afterwards succeeded in illustrating it by some very striking 
experiments. "With a view to the present discourse, and also to the 
requirements of a forthcoming work on sound, the subject of sounding 
and sensitive flames has been recently submitted to examination in the 
laboratory of the Royal Institution. The principal results of the in- 
quiry are embodied in the following abstract: 

Pass a steadily-burning candle rapidly through the air, you obtain 
an indented band of light, while an almost musical sound, heard at the 
same time, announces the rhythmic character of the motion. If, on the 
other hand, you blow against a candle flame, the fluttering noise pro- 
duced indicates a rhythmic action. When a fluttering of the air is 
produced at the embouchure of an organ-pipe, the resonance of the 
pipe reinforces that particular pulse of the flutter whose period of vi- 
bration coincides with its own, and raises it to a musical sound. AVhen 
a gas-flame is introduced into an open tube of suitable length and 
width, the current of air passing over the flame produces such a flutter, 
which the resonance of the tube exalts to a musical sound. Introduc- 
ing a gas-flame into this tin tube three feet long, we obtain a rich 
musical note ; introducing it into a tube six feet long, we obtain a 
note an octave deeper — the pitch of the note depending on the 
length of the tube ; introducing the flame into this third tube, 
which is fifteen feet long, the sound assumes extraordinary inten- 
sity. The vibrations which produce it, are suflSciently powerful to 
ahake the pillars, floor, seats, gallery and the five or six hundred 
people who occupy the seats and gallery. The flame is sometimes ex- 
tinguished by its own violence, and ends its peal by an explosion as 
loud as a pistol shot. The roar of a flame in a chimney is of this 
character: it is a rude attempt at music. By varying the size of the 
flame, these tubes may be caused to emit their harmonic sounds. 

Passing from large pipes to small ones, we obtain a series of musi- 
cal notes, which rise in pitch as the tube diminishes in length. This 
flame, surrounded by a tube 17J inches long, vibrates four hundred 
and fifty-nine times in a second, while that contained in this tube, lOf 
inches long, vibrates seven hundred and seventeen times in a second. 
Owing to the intense heat of the sounding column, these numbers are 
greater than those corresponding to organ-pipes of the same lengths 
Bounding in air. The vibrations of the flame consist of a series of par- 
tial extinctions and revivals of the flame. The singing flame appears 
continuous; but if the head be moved to and fro, or if an opera-glass, 
directed to the flame, be caused to move to and fro ; or if, after the 
xnethcd of Wheatstone, the flame be regarded in a mirror which is 
caused to rotate, the images due to the revivals of the flame, are sepa- 
rated from eaoh other, and form a chain of flames of great beautj. 
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With a longer tube and larger flame, by means of a concave mirror, 
I can project this chain of flames upon a screen. I first clasp my 
hand round the end of the tube, so as to prevent the current of air which 
causes the flutter from passing over the flame. The image of the flame 
is now steady upon the screen before you. I move the mirror, and 
you have this continuous luminous band; I withdraw my hand ; the 
current of air passes over the flame, and instantly the band breaks up 
into a chain of images. 

A position can be chosen in the tube at which the flame bursts spon- 
taneously into song. A position may also be chosen where the flame 
is silent, but at wiiich, if it could only be started, it would continue to 
sound. It is possible to start such a silent flame by a pitch-pipe, by 
the syren or by the human voice. It is also possible to cause one 
flame to eff'ect the musical ignition of another. The sound which starts 
the flame roust be nearly in unison with its own. I3oth flames must be 
so near unison as to produce distinct beats. 

A flame may be employed to detect sonorous vibrations in air Thus, 
in front of this resonant case, which supports a large and powerful 
tuning-fork, I move this bright gas-flame to and fro. A continuous 
band of light is produced, slightly indented through the friction of the 
air. The fork is now sounded, and instantly this band breaks up into 
a series of distinct images of the flame. Approaching the same flame, 
towards either end of one of our tin tubes, with the sounding flame 
within it, and causing it to move to and fro, the sonorous vibrations 
also aflect the breaking up of the band of light into a chain of images. 
In this glass tube, 14 inches long, a flame is sounding ; I bring the 
flat flame of a fish-tail burner over the tube, the broad side of the flame 
being at right angles to the axis of the tube. The fish-tail flame in- 
stantly emits a musical note of the same pitch as that of the singing- 
flame, but of different quality. Its sound is, in fact, that of a mem- 
brane, the part of which it here plays. 

Against a broad bat*s-wing flame I allow a sheet of air, issuing from 
a thin slit, to impinge. A musical note is the consequence. The note 
can be produced by air, or by carbonic acid ; but it is produced with 
greater force and purity by oxygen. The pitch of the note depends 
on the distance of the slit from the flame. Before you, burns a bright 
candle-flame ; I may shout, clap my hands, sound this whistle, strike 
this anvil with a hammer or explode a mixture of oxygen and hydrogen. 
Though sonorous waves pass in each case through the air, the candle 
is absolutely insensible to the sound; there is no motion of the flame* 
I now urge from this small blow-pipe a narrow stream of air through 
the flame of the candle, producing thereby an incipient flutter, and 
reducing the brightness of the flame. I now sound the whistle ; the 
flame jumps visibly. Matters may be so arranged that when the 
whistle sounds, the flame shall be either almost restored to its pristine 
brightness, or that the amount of light it still possesses shall diaappeart 
Before you now burns a bright flame from a fish-tail burner* I may^ 
afl before, shout, clap my bands, sound a whistle or strike aa a&vili 
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e flame remains steady and without responseu I urge against the 
cad face of the flame a stream of air from the blow-pipe just em- 
oyed. The flame is cut in two by the stream of air. It flutters 
ightly, and now» when the whistle is sounded, the flame instantly 
arts. A knock on the table causes the two half-flames to unite and 
•rm for an instant a flame of the ordinary shape. By a slight varia- 
on of the experiment, the two side-flames disappear when the whistle 

sounded, and a central tongue of flame is thrust forth in their stead. 

Passing from a fish-tail to a bat's-wing burner, I obtain this broad 
€ady flame. It is quite insensible to the loudest sound which would 
5 tolerable here. The flame is fed from this gas-holder, which places 

power of pressure at my disposal unattainable from the gas-pipes 
r the Institution. I turn on more gas : the flame enlarges, but it 

still insensible to sound. I enlarge it still more, and now a slight 
utter of its edge answers to the sound of the whistle. Turning on a 
ttle more gas, and sounding again, the jumping of the flame is still 
tore distinct. Finally, I turn on gas until the flame is on the point 
r roaring, as flames do when the pressure is too great. I now sound 
ly whistle; the flame roars and thrusts suddenly upwards eight long 
uivering tongues. I strike this distant anvil with a hammer, the 
ame instantly responds by thrusting forth its tongues. 

( To bo continued. ) 



From the London Engineering, No. 92, 

THE MACHINERY OF IRON-WORKS. 

The machinery of iron-works, although it has received some improve- 
ment of late years, still stands greatly in need of emendation. The 
rhole of the Bessemer apparatus, whether the blowing engines, the 
lydraulic cranes or in any other part, is extremely well contrived, and 
eveals the hand of a competent mechanic. So, also, the machine for 
oiling wheel tires is a very creditable instrument, and the Nasmyth 
lammer, or its imitations, is a great improvement upon the old tilt. 
Sut even the cfl^ect of the Nasmyth hammer is too topical in the case 
if large masses of iron, and just inasmuch, as we have pointed out in 
mother article, that in pile driving the effect of a rapid blow is rather 
;o shatter the head of the pile than to drive it ; so in a large mass of 
ron, a similar blow will only act on the surface without penetrating 
;o the heart. An hydraulic squeezer, or, if we like the term better, an 
hydraulic hammer, acting more by pressure than by impact, would 
probably be found better than any existing hammer, or the same end 
might be attained as in the riveting machine by employing a very 
ihort cylinder with a very large diameter, but in such case either the 
cylinder or the anvil would require to be adjustable to suit different 
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thicknesses of forgings. In the hydraulic arrangement the same end 
wouM be attainable by making the cylinder of the ordinary length, 
and by propelling the piston only through a small portion of the stroke, 
"whether that portion was near the top or the bottom. But in a steam 
hammer it would not be possible to do this without a waste of steam. 
There is another ground of preference for an hydraulic squeezer over 
a common steam hammer, in the fact that it wouM not consume power 
by shaking the earth and houses in the neighborhood, which may, in 
some case.^, be a serious annoyance, and which cannot be done without 
an expenditure of coal. Nor is it in the hammers alone that the hy- 
draulic principle might be beneficially introduced, as it could also be 
employed to propel and reverse the rolls of the rolling mill. Even in 
the best works there is no visible improvement in the rolling mill dur- 
ing the present century, and it is still a very rude and imperfect in- 
strument, and involves the use of too much manual labor. It wouMbe 
quite practicable to introduce arrangements whereby rolled objects of 
whatever weight, would be received and delivered complete, without 
the interposition of manual labor at all, and this, especially in the 
case of heavy articles, would bring a coQbiderable saving in the manu- 
facture. 



From the London Engineering, No. 62. 

HUGON'S GAS ENGINE. 

Messrs. Thomas Robinson & Sons, of Rochdale, have taken up the 
manufacture of Ilugon^s patent gas engines, and have just set the first 
engine to work on their premises. This engine has been imported from 
France; it works by explosions of gas mixed with air in a cylinder. 
The principal difference between it and the Lenoir engine consists in 
the mode of igniting the mixture. The Hugon engine eff'ects this by 
carrying a flame of gas into the cylinder by means of a kind of slide- 
valve which has a gas-jot in each of its ports. The flame in the ports 
is extinguished by each explosion, and requires to be re ignited for 
each stroke of the piston. This end is attained by bringing the slide- 
valve with its port in contact with a fixed gas-burner from which the 
jet in the port is ignited. There are two ports, one for each end of 
the cylinder, and accordingly there are two fixed gas flames placed 
opposite to the two openings in the slide-valve containing the traveling 
jet. The machine in its present state is encumbered with a con8ide^ 
able amount of complication, and in many respects requires the finish- 
ing touch of a practical engineer before it may be considered an ao* 
complished fact. With regard to this there can be no doubt, that it is 
now in as good hands as need be wished for, and it will undergo a 
thorough reconstruction before it will be introduced into the gen«rtl 
market. 
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(Continued from pHga 193.) 

LECTURES ON VENTILATION. 

Deltrnred before tho Franitlin Institute, by L. W. Leeds, E«q. 

Let u8 illiiBtrate this by a simple experiihent. Here we have a very 
small tube, in ffhich we place a lighted candle, occupying nearly the 
entire space — this burns brightly, 
yon see. 

Here we have another glass 
chamber, much handsomer and 
twenty times as large ; we also 
place a similar candle in it, that 
burns with equal brightness, but 
watch them both for a few mo- 
ments — see how rapidly this light 
in the large chamber diminishes 
in size. 
That represents, in a beautiful manner, the 
diminished force of your life in an air-tight room. There it goes — 
entirely extinguished by foul air in so short a time, but the other 
coDtinues to burn just as brightly as when first lighted. The smaller 
one had the window open, so to speak ; we will imagine the candle in 
the large chamber to be a consumptive patient who thought the room 
so Urge be did not need the windows open. Remember, therefore, 
that no matter how small your room is, if there is a constant circttla- 
tion of fresh air through it, the lamp of your life will burn brightly ; 
but if ever so large and air-tight, your life will soon be extinguished. 
Instead of avoiding the cholera by avoiding fresh air at night, the 
experience of the last summer seems to have taught us just the con- 
trary; for whilst moat physicians admit that they are still unable to 
explain Batisfactoriiy, the cause or remedy for this most mysterious 
disease, that has within a lifetime carried its &hj millions of victims 
from time to eternity, they almost universally believe it is a foul air 
poison, and they have as yet found no surer prevention than pure air. 
One of the most striking illustrations of this, and perhaps one of 
tbe most wonderful cures of cholera on record, was that of the New 
York Workhouse on Blackwell's Island. It lasted only nine days, 
bot in that brief period one hundred and twenty<three out of eight 
Vol. LIII. 19 
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hundred inmates died. I visited the building with Dr. Hamilton, on 
the third day after its appearance, but the hospital then contained 
sixty or seventy patients, and some twenty-five or thirty bad died 
within twenty-four hours. 

Dr. Hamilton attributed the rapid propagation and fatality of the 
disease, after it once had gained admission, mainly to confinement 
and crowding. It was observed that the cholera was confined, for 
several days, among the women ; the women had the smallest apart- 
ments, were most crowded in their cells, and with few exceptions, 
were employed within the building, in close contact with each other 
during the day. The men were employed mostly in the quarries and 
out of doors. 

The doctor's prescription on that occasion is worth studying. It 
is very short and simple, however. 

A slight change was made in the diet ; disinfectants were used ; 
fifteen drops of the tincture of capsicum with an ounce of whisky, as 
a stimulant at night, was all the medicine given to each individual. 
But the great means the doctor relied upon for success, was pure air 
all the time. They were kept out of doors from morning until night, 
and all the windows were kept open night and day ; and although in 
the hot weather of summer, fire was made in the wards, to insure 
more perfect ventilation. In six days after the initiation of these 
simple hygienic measures, the epidemic entirely disappeared. 

The disorders and sickness caused by the too rapid chilling of the 
unprotected body after sundown, have given rise, I have no doubt, to 
that erroneous popular prejudice so common among all classes, e?ea 
those of education and ordinarily good common sense, who imagine 
there is some peculiar poison or source of unhealthiness in the air at 
night, that is not contained in the air in the day-time. It will no 
doubt greatly relieve the minds of these from such '^ vain terrors," 
and prove most conclusively the entire fallacy of such reasoning, to 
examine these tables again. In the copies I have made, I have not 
classified the results given by day and by night, but a careful exami- 
nation in detail, fails to show any appreciable difference in the aggr^ 
gate, by day or by night. 

M6n6's numerous experiments on the air in Paris, gave less carbonic 
acid at night than in the day-time. 

Lewey's analysis on the Atlantic ocean, one thousand miles from 
the coast, gave a decided excess in the day over that of the night 



LECTURES ON VENTILATION. 



267 



He attribntes this to the action of the sunlight upon the ocean 
liberating the gases which it holds in solution. 

In cities there is a much larger quantity given off from burning 
coals of factories in the day-time than at night. 

It is not improbable, however, that the more rapid evaporation of 
moisture towards evening may carry with it the volatile particles of 
corrupted animal and vegetable matter to an extent slightly in excess 
of that which occurs in the morning, but it is believed these would 
not equal the greater contamination from burning coals, and the 
usually greater stillness of the air, producing partial stagnation, so 
that the air would be a little nearer pure at night than in the day-time. 
And how unmistakably do all these investigations prove what we 
ought to have known and accepted without a moment's hesitation, that 
the Creator that has made such vast and such minute provisions for 
supplying every living creature with a constant and copious supply of 
fresh air, has made it so important for their existence that they can- 
not live a moment without it, has made the air at night just as pure 
and wholesome as in the day-time. 

We have thus traced the scourge of foul air to our houses, and 
much of it to our bed-rooms. The next question is, how to get clear 
of it. 

We want to know, however, what poisons the air, so as to know in 
what part of the room it is to be found. 

We will try a very simple experiment, to show you what a deadly 
poison the breath is, — to the flame of a candle, at any rate. 

Here is a simple glass tube, open at both ends — an ordinary lamp 
chimney — a candle burns freely as you see, and would burn so all 
night, if it did not burn out. I will now remove p,v 3 

the candle, and breathe into the tube through this 
pipe, and now you see how suddenly the candle is 
extinguished as I drop it in again. 

Animals are killed suddenly or after a more 
prolonged struggle, by the exhaled breath, accord- 
ing to the activity or sluggishness with which the 
blood circulates — a bird would be killed very 
icon — some partially torpid animals would live a 
long time. Man has great endurance — struggles 
long and hard ; but if closely confined, will be 
poisoned to death in one night, as in the case of 
those confined in the celebrated Black Hole of Calcutta, and on board of 
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vessels where they have been confined below decks in time of a storm. 
Others will struggle on longer, as in the case of the two thousand and 
twenty-six who died of consumption last year, in Philadelphia. 

And now let us see in which part of the room this deadly poison 
of our breath is mostly found. 

It is the popular idea, that because the body, and consequently the 
breath, is warmer than the ordinary temperature of a room, that it 
rises and accumulates at the ceiling. 

Upon this theory most of our buildings have been ventilated whenever 
any attention whatever has been given to that subject, but that theory 
is incorrect ; consequently, all practice based thereon is also wrong. 

This subject of the direction taken by the breath upon leaving the 
body, has been warmly discussed within a few years. It has been a 
very diflScult matter to prove conclusively and satisfactorily, but I 
think we have devised some very simple experiments that will prove 
to you very clearly what we have stated. 

I have here a simple glass tube two feet long and one and a half 
inches interior diameter ; one end is closed with a rubber diaphragm, 

through which is passed a small 
rubber tube — the other end is 
all open. We will rest this about 
horizontal, and taking a little 
smoke in the mouth, it will be 
discharged with the breath into the glass tube; it is first thrown 
towards the top, but it soon falls, and now see it flowing along the 
bottom of the tube like water — watch it as it reaches the far end- 
there, see it fall almost like water. 

Now, by raising the closed end of the pipe, you see we can pour it 
all out, and by filling it again and raising the other end, it falls back. 

Thus you see that, notwithstanding the extra warmth in the breath, 
it is heavier than the atmosphere, and falls to the floor of an ordi- 
nary room like this, say when the temperature is from 60° to 70°. 
This is owing to the carbonic acid and moisture contained in it. 

I have varied this experiment in a number of ways, by passing it 
through smaller tubes and discharging it into the air in one or two 
seconds after leaving the lungs, and by passing it through water of 
various temperatures, and discharging it into rooms of different 
temperatures, with the same general results. As the tempera- 
ture of the air diminishes, the tendency of the discharged breath to 
rise increases. Much care is required in conducting these experiments! 
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to avoid as much as possible, the local currents which are always 
present in a room. 

This is a very important fact to be borne in mind ; yet notwith- 
standing this, there are times, under certain circumstances, in which 
the foul air will be found in excess 
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at the top of the room. 

For the further examination of 
this subject, we have here a little 
glass-house with glass chimneys 
and fire-place in the first and 
second stories. 

As the flame of a candle is 

such a beautiful emblem of human 

life, we will remove the roof and 

part of the floor of the second story, and place four candles in our 
house. They are all of difierent heights, you see. We will call 
them a father, mother and two children. 

As carbonic acid is that much dreaded poison in our breath, and 
the heavy portion of it which causes it to fall to the floor, we will 
make a little by placing a few scraps of common marble in this glass 
vessel, and pouring over it some sulphuric acid. 

It is now forming, and will fall and flow across the floor the same 
as carbonic acid does when it pours into a basement from the gutters 
on the street or filthy yards where it is formed, and before it is 
absorbed or diluted by the current of pure air sweeping over them. 
It first kills the smallest child, because it is nearest the floor. You 
remember the excessive infantile mortality in this city in 1865. This 
is partially owing to their breathing more of this foul air near the 
floor, and partially owing to the great fear of their mothers and 
nurses, of letting the little innocents get a breath of fresh air for fear 
it would give them colic, and consequently they smother them to 
death. 

The other child dies next, and then the mother, and lastly the 
father. 

Thousands are thus poisoned to death by their own breath every year. 
But did you ever see a physician's certificate that ever gave you any 
such idea? Why do not the doctors tell the living, in such language 
as they can understand, what killed their friends, so they may avoid 
it in their own case, instead of giving it in some Latin terms which I 
fear many interpret to mean some special dispensation of Divine 
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Providence instead of the true cause — their utter disregard of the 
laws their Creator made for the preservation of their health ? 

Had this family known enough about ventilation to have kept the 
fire-place open, with a little fire in it now and then, they would not 
have been thus killed. 

Let us see — we will take out the fire-board which has been put in 
to make the room look a little neater, and with a very small light 
there to create a draft in the chimney. 

AVe will again light the candles, and pour in the poisonous breath. 
Ah ! there goes the little one — he is hardly high enough to keep out 
of that deadly current flowing across the floor. 

We shall have to let it in a little slower, or we will set him on a 
platform, as many persons who have carefully studied this subject, 
consider it judicious to do. Now, by the smoke from this taper, you 
can see the air is flowing across the floor and up the chimney. 

There has been a steady current flowing in long enough to have 
filled the house, but the lights are all burning brightly, and you thus 
see the value of an open fire-place for ventilation. Thousands 
of lives are thus saved, and nfany more would be if all fire-places 
were kept open. I have recommended hundreds of fire-boards to be 
cut up for kindling-wood, as I consider this is the best use that can 
be made of all fire-boards. 

Never stop up a fire-place in winter or summer, where any living 
being stays night or day. It would be about as absurd to take a 
piece of elegantly tinted court-plaster and stop up the nose, trusting to 
the accidental opening and shutting of the mouth for fresh air, because 
you thought it spoiled the looks of your face so to have two such great 
ugly-looking holes in it, as it is to stop your fire-place with elegantly 
tinted paper because you think it looks better. 

If you are so fortunate as to have a fire-place in your room, paint 
it when not in use ; put a boquet of fresh flowers in every morning, 
if you please, or do anything to make it attractive, but never close it. 

Now, there are other conditions in which a fire-place or an opening 
near the floor, will not answer for ventilation. This occurs in rooms 
where the air is made impure by burning lamps or gas, and where the 
fresh air entering the room is cooler than the temperature of the 
room itself. * 

To illustrate this, we will put the roof on and take the entire floor 
away, or as it will be a little more convenient, we will represent 
it by this glass-house, using this shade for that purpose. 
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This is supported some six inches from the floor, and has no 
bottom. By lighting another candle and standing it outside, yoa 
can judge bj comparison, of the foulness of the 
air inside. 

The tallest one is effected first, this time. 
You see that is a perfectly formed light, but it 
gives but about half the light the one does on the 
outsidej this is the way with many of us who are 
obliged to, or rather do, breathe foul air half the 
time. 

We often think, by comparing ourselves with 
others around us, that we are pretty fair specimens of humanity, 
while really we do not give more than half the light in the world 
that we ought to do, and kill ourselves before our work is half done. 

Tou see the two tallest are dead already, and the others will sooa 
follow — there they go. Here is the bottom of the house removed, 
and yet these candles all went out for want of fresh air. 

Therefore, when we see the air is made impure by burning candles 
or gas lights, owing to its exceeding heat, the foul air is mostly at 
the top of the room, and especially when the fresh air enters cooler 
than the air in the room. We will find, however, that in a very few 
minutes the candles will relight long before the contained air or the 
glass shade cools down to the temperature of the room. 

The products of combustion, like those of respiration, are heavier 
than the ordinary atmosphere, and consequently fall to the floor very 
soon if not removed while very hot, by special openings immediately 
over them in the ceiling; after it has thus fallen, provision must be 
made for its removal from the level of the floor, in connection with 
the foul air from the breath. 

I hope by these few simple experiments, and the statistics presented 
here this evening, we have strengthened your previous convictions of 
the importance of fresh air, because we are well aware that you will 
find, as you proceed in your investigations of this subject, that it is 
frequently surrounded with complications, yet the laws governing the 
circulation of air of different temperatures, are as fixed and immovable 
as the laws governing the rising and setting of the sun, and with a 
very little careful investigation, can be easily understood. 

And we believe no similar amount of money or thought, will 
produce a greater amount of satisfaction than the increased health, 
strength and happiness thus secured. 

( To be continued. ) 
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EXPERIMENTS ON THE EVAPORATION OF STEAM- 
BOILERS USED FOR HEATING PURPOSES. 

By James B. Francis, Civil Engineer. 

BOILERS IN THE MILLS OF THE NASHUA MANUFACTURING COMPANY, AT 

NASHUA, N. H. 

This experiment was made at the request of Gen. J. C. Palfrey, 
agent of the Merrimack Manufacturing Company, at Lowell, Mr. 
Daniel Hussey, the agent of the Nashua Manufacturing Company, 
furnishing all the facilities required for the purpose. 

The boilers were built by the Lowell Machine Shop, and have been 
in operation since September last. They are plain tubular boilers. 
Each boiler is twenty feet long and five feet in diameter, with fifty- 
five wrought iron tubes, 3*25 inches in diameter inside, and about 
one-eighth of an inch thick. The usual level of the water is about 
twenty-two inches below the top of the boiler. The grates are placed 
under the boilers, and are each 4-86 feet long and 5 545 feet wide, 
having a total area, under both boilers, of 53*9 square feet. The 
grate-bars are in three lengths, and the spaces between them are 
about a quarter of an inch in width, and have a total area under both 
boilers of about 15'iy square feet. 

The products of combustion pass, first, under the whole length of 
the boilers, about one-half of the area of the shells being heating sur- 
face ; thence returning through the tubes ; thence*back again through 
the flues of a heater, placed above and between the two boilers. The 
heater is about eighteen feet long and forty-three inches in diameter, 
and has two flues 1*19 feet in diameter. 

Fire surface in the shells of the boilers, including that portion of the 

ends below the water-line...... w..... 869 square feet 

Fire surface in the tubes 1873 *' << 

Fire surface in the heater 160 <* *< 

Total area of fire surface 2402 square feet 

The boilers and heater having 44*56 square feet of fire surface to 
each square foot of grate surface. The boilers and heater are pro- 
tected from radiation by brick-work and ashes. 

The products of combustion from three pairs of boilers pass into i 
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chimney, about one hundred and ten feet high, having a flue of a uni- 
form section of about nine square feet. In the lower part of this 
chimney there is a damper, regulated by the pressure of the steam. 
Each set of boilers has also a separate damper, regulated by hand. 
During this experiment all the boilers were in operation in the day- 
time, while the mills were running, and the draught was regulated by 
the self-acting damper, the hand-damper being generally wide open. 
In the night, when the boilers being experimented on were alone in ope- 
ration, the draught was regulated by the hand-damper, the self-acting 
damper being generally wide open. The dampers all turn on axes, 
on the principle of the throttle-valve ; their positions were noted by 
means of arcs, graduated in degrees, the indices of both reading 
when shut, and that in the main chimney reading 65^ when wide open, 
and that in the flue reading 90® when wide open. 

The fire surfaces of the boilers and heater were cleaned, and the 
boilers blown off, within the two days next preceding the commence- 
ment of the experiment. This is usually done once a week. 

The boilers were supplied with water from a cast iron tank, 4'83 
feet in diameter and 5*91 feet high, which was partially filled with 
water, at intervals, from the town water-pipes, and the water pumped 
from the tank into the heater^ which is kept constantly full and under 
the s^me pressure as the steam in the boilers, the water flowing from 
the heater into the boilers as fast as it is pumped into the former. 

The experiment consisted, mainly, in noting the quantity of water 
pumped from the tank into the heater, during a certain interval of 
time, and the quantity of coal consumed under the boilers during the 
same time. In order to ascertain the quantity of water, a glass tube, 
about six feet long, was attached to a wall near the tank, which was 
connected at its lower end with the tank by a pipe, so that the water 
stood at the same level in the tank and pipe ; a graduated scale was 
attached to the glass tube. 

In order to gauge the tank, a cask was filled with water to a cer« 
tain height, and the weight of the water ascertained by platform scales. 
The tank was then filled by means of this cask, the height of the 
water in the glass tube being noted after each cask of water was put 
in, which gave the means of determining, at any time, the weight of 
water in the tank by an inspection of the height of water in the glass 
tube. 

The pumps being stopped, the tank was filled to a convenient 
heighti which was noted. The pumps were then put in operation, and 
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the boilers supplied in the usual manner. When the water in the tank 
was nearly exhausted, the pumps were stopped and the height of the 
water in the glass tube again noted, which gave the means of ascer- 
taining the quantity of water remaining in the tank, which being de- 
ducted from the original contents of the tank, gave the quantity sup- 
plied to the boilers for that filling of the tank. This operation was 
repeated as often as necessary, to keep the boilers supplied with water. 

The coal was weighed out at intervals, on the same scales as were 
used to determine the weight of water in the tank. 

The experiment commenced at 3h. 30m. P. M. on Monday, Febru- 
ary 11th, 1867, and terminated on the following Saturday, at 3h. Om. 
P. M., an interval of 119*5 hours, during which time the fires were 
maintained with as much uniformity as practicable, two sets of fire- 
men and observers being employed. The temperatures of the air and 
water were noted; also of the smoke in the flue between the boilers 
and heater, and in the flue just beyond the heater. Also, the pres- 
sure of steam in the boilers, the position of the dampers and the amount 
of ashes and clinkers. 

Care was taken to terminate the experiment when the fire was in 
the same state as when it commenced — at least, as nearly so as could 
be ascertained by inspection. The height of the water in each boiler 
was also noted at the commencement and termination of the experi- 
ment, and a correction made for the difference. 

Steam-boilers frequently carry over water with the steam, and it is 
often quite difficult to ascertain how this is, particularly when the 
quantity carried over is not large. In this case, there was little pro- 
bability of it, the steam space being larger than usual in boilers used 
for heating purposes, and the boilers of simple form, very clean and 
moderately fired. But to get some positive information on this point, 
I put in a diaphragm at a joint in the horizontal pipe, four inches in 
diameter, conducting the steam from one of the boilers; the upper 
part of this diaphragm was cut away, so as to leave an aperture, for the 
passage of steam, of an area equal to about three-fourths of the area 
of the pipe, the part not cut away operating as a dam to prevent the 
free flow of water along the bottom of the pipe. A small cock was 
put in the bottom of the pipe, on the side of the diaphragm farthest 
from the boiler, where, from the position of the pipes, water would be 
likely to lay, if any was carried over from the boilers. This cock 
was frequently opened during the experiment, but on no occasion was 
any water found, except the small quantity condensed in the cock. 
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* 

From all the circumstances, I infer that very little, if any, water 
passed over except in the form of steam. 

The coal used was anthracite, but I was not able to learn, defi- 
nitely, the kind. It was taken from a shed in which five cargoes, 
amounting to 1718 tons, were promiscuously deposited last spring. 
Two of the cargoes were " Locust Mountain" and another " Broad 
Mountain;" another was called, in the invoice, "White Ash," and 
another "Bear Valley." From the manner in which the coal was 
originally deposited in the shed, I infer that the coal used in this ex* 
periment was a mixture of these several kinds. The coal was of the 
size called " broken," containing the usdal amouflt of dust and dirt, 
which was weighed in and used, and may account, in part at least, 
for the large proportion of clinkers. 

The following are the results of this experiment : 

Water evaporated 296,620 pounds. 

Mean initial temperature of water in tank 86^ Fahr. 

Coal consumed under boilers, including ashes and 

clinkers 34,197 pounds. 

Ashes, being everything that fell through the grates.. 1,963 «* 

Clinkers ^ 2,138 «* 

Mean pressure of steam in boilers, above atmosphere.. 81*4 lbs. pr sq. in. 

Mean thickness of the fires 7-2 inches. 

Mean opening of hand-damper during the night 6^^ 

Mean opening of the self-acting damper during the 

day 85° 

Mean temperature in flue between the westerly boiler 

and the heater 296° Fahr. 

Mean temperature in the flue just after leaving the 

heater 287° ** 

Mean temperature by thermometer in boiler room.... 67^ ** 

Mean temperuture out-doors, in shade 85-9° *• 

Water evaporated from the initial temperature in the 

tank, by one pound of coal 8-674 pounds. 

Equivalent amount of water evaporated from 212° by 

one pound of coal 10 201 " 

Coal burned per square foot of grate per hour 6-300 «« 

Proportion of ashes and clinkers to the coal 12 per cent. 

The ashes contained a considerahle proportion of fine coal, par- 
tially burned, which was not returned to the fire. The clinkers were 
not picked over with much care, and a greater quantity of partially 
burned coal might have been separated and returned to the grate, 
which would probably have increased the evaporation slightly. 



276 lIECHAKICSy PHYSICS AND CHBMISTRT. 

BTKOP8I0 OF EXPERIlfEXTS OX THE ETAPORATIOK OF 8ETERAL BOILKS8 VhTD 
FOR U EATING PURPOSES, MADE UNDER THE BAME DIRECTION 

AS THE PRECEDING. 

Felruari/j 1840. — Upright cylindrical boiler in MassacbnsetU 
Cotton Mill, No. 1, 31 J inches diameter, 11 feet high. Fire inside, 
surrounded by a 3-inch water space, which extended* nearly to the 
level of the surface of the water. Over the fire there was a pot, leav- 
ing an annular space about three inches wide, for the passage of the 
products of combustion, which left the boiler by an opening through 
the water space. 

Area of grate surface 8*21 sq. feet. 

Area of fire surface 114 25 *• " 

Fire surface to one square foot of grate surface 35o9 *• ** 

Anthracite coal burned per square foot of grate per hour.. 12*75 pounds. 
Water evaporated from 212° by one pound of coal 7*87 ** 

Felruaryy 1841. — Two upright cylindrical boilers in Massachn- 
sctts Cotton Mill, No. 2, similar to the preceding, except that they 
are one foot higher, and the annular flue extended through the steam 
space to the top of the boiler. 

Area of grate surface in each boiler 8-20 sq. feet 

Area of fire surface in each boiler 126-50 •* " 

Fire surface to one square foot of grate surface 89-53 ** " 

Anthracite coal burned per square foot of grate per hour.. 7*15 pounds. 
Water evaporated from 212° by one pound of coal 12*06 " 

Aprily 1851. — Upright cylindrical boiler in Massachusetts Cotton 
Mill, No. 1, similar to the next preceding, except that the pot con- 
tained a flue 9|'2 ^^^^ ^^ height| and 11^ inches in diameter. 

Area of grate surface 814 sq. feet 

Area of fire surface 154-34 " «* 

Fire surface to one square foot of grate surface 49-15 ** " 

Anthracite coal burned per square foot of grate per hour.. 13*42 pounds. 
Water evaporated from 212® by one pound of coal 9*62 »* 

January^ 1851. — Locomotive boiler at the Boott Cotton MillB* 
The products of combustion passed from the fire-box, which was but- 
rounded by water, through 64 tubes 2f inches diameter, 13f feet long» 
to a smoke-box, also surrounded by water ; thence back under tb6 
boiler through a heater. 

Area of grate surface 16*66 iq. fiaat 

Area of fire surface, including heater 748*00 

Fire sar&ce to one square foot of grate surface 44*90 " 
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Ist Trial. The surface of the boiler not being protected from radia- 
tion. 

Anthracite coal burned per square foot of grate per hour.... 6*84 pounds. 
Water evaporated from 212*^ by one pound of coal 8-88 '* 

2d TriaL The surface of the boiler being protected from radiation, 
bj felting and brick-work. 

Anthracite coal burned per square foot of grate per hour... 7*52 pounds. 
Water evaporated from 212® by one pound of coal 9*43 *< 

Zd TriaL Same circumstances as the preceding, except that bitu- 
minous coal, from the Yossburgh mines, in Maryland, was used. 

Bituminous coal burned per square foot of grate per hour, 7 61 pounds. 
Water evaporated from 212® by one pound of coal 10-67 " 

February^ 1851. — Three horizontal cylindrical boilers at the Boott 
Cotton Mills, each boiler 20 feet long and 30 inches in diameter, with 
the two flues 11 inches in diameter. 

Area of grate surface 88*70 sq. feet. 

Area of fire surface 590 00 •* " 

Fire surface to one foot of grate surface 15-25 ** ** 

Anthracite coal burned per square foot of grate per hour.. 4*44 pounds. 
Water evaporated from 212*^ by one pound of coal 7*58 " 

Lowell, Mass., Feb. 22, 1867. 



DESCRIPTION OF PARHELIUM OBSERVED AT GERMAN- 

MANTOWN. 

By C. J. W., Jr., February, 1865. 

Mb. Editor: The exhibition of the phenomenon of parhelium, 
which occorred on Monday, the 4th inst., was of so remarkable a cha- 
racter that the writer has thought it deserving of more than a passing 
Dotice, and has therefore prepared the following sketch of its prin- 
cipal features for insertion in your Journal. 

In the early part of the day mentioned, the sky was unusually clear, 
the sun brilliant, and the atmosphere, for the season, mild and calm. 
At 7 o'clock A. M., the thermometer was 80^, with a light south- 
west breeze. Towards noon, however, the sky became overcast with 
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a thin haze, and about 1 P. M. the Tfriter's attention was attracted 
to a point in the heavens, a little to the south of west, by a luminous 
arc, exhibiting the prismatic colors, which, superficially observed, 
might have been mistaken for a rainbow. As there was no rain, or 
even mist sufficient for the formation of a rainbow, the writer was led 
to suspect the cause of the phenomenon, and upon casting his 
eyes to the south-eastern heavens, perceived a corresponding arc, 
which at once convinced him of its true character. Upon further 
observation, the following particulars were observed: 1 o'clock 
P. M., thermometer, 46° ; barometer, 29*55 ins. ; wind, south-west, 
light ; sun's altitude, 33°. Owing to the hour of the day, it is evi- 
dent that the sun occupied a position in the heavens but little to the 
west of south, and that he had but just passed his meridian height. At 
a distance of 40° on either side, with the sun as a centre, and about 
15° from the horizon, were the prismatic arcs first observed, havbg 
a nucleus in the centre, and gradually diminishing in brightness to- 
wards the extremities. The peculiar feature of these arcs was, that 
they were not concentric with the sun, but, on the contrary, that 
their convexity was towards him. This peculiarity was observed in 
a parhelium seen by Hevelius, at Dantzic, in 1661, and is the onlj 
instance that the writer is able to find on record. 

In a perpendicular line, passing through the sun, were to be found 
two of the most interesting features of the phenomenon witnessed; 
that between the sun and the zenith, and about 25° from the former, 
consisted of a concentric, prismatic arc, similar to those already de- 
scribed, except that it was larger and far more brilliant, and that di- 
rectly in the intersection of the line connecting the sun with the zenith 
a distinct depression existed, causing the arc to deviate very materi- 
ally from the line of a circle. The corresponding point below the 
sun, also at a distance of 25°, was brilliantly illuminated, and by far 
the most distinctly marked of the parhelia visible, having the appear- 
ance of the sun about to burst from behind a cloud. This also faintlj 
exhibited the prismatic colors. The last, and perhaps the most inte- 
resting feature observed, was a great circle of white light, borizontallj 
placed, passing directly through the sun's centre. This circle wa0 
almost complete, the writer having been able to trace its entire coarse, 
with the exception, perhaps, of 20° or 30°, in the eastern heavens. 
This unusual phenomenon was observed at Rome, by Schreiner, in 
1629, connected with a parhelium of four sons, the same number as 
were observed on the present occasion. 
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The appearances above described continued with waining brilliancy 
for about half an hour, and had altogether disappeared in the course 
of an hour; they were far superior to any display accompanying par- 
helium ever observed by the writer, who has been so fortunate as to 
witness it three times, and similar phenomenon of the moon (parse- 
lene) once. 

In confirmation of the impression that the state of the atmosphere 
necessary to the production of parhclium is indicative of a change of 
weather, the writer would merely observe, that by 2 o'clock P. M., on 
the day in question, the wind had veered to the east, and the sky had 
shortly afterwards become densely clouded ; and that by 5 o'clock 
rain fell. In explanation of this, it is only necessary to say that the 
phenomenon of parhelium is ascribed to the existence in the atmos- 
phere of a quantity of frozen spiculae, floating in a thin fog, the 
coronse being formed in the fog and the parhelia in the spiculae, and 
that the spicule often subsequently fall in the form of cylindrical 
snow flakes, or melted in the form of rain. 

In order that the above description may be more readily under- 
stood, I have prepared the annexed diagram, in which are embraced 
the principal features of the phenomenon. 

The parhelia were observed at the four points marked p p p' p". 




pnouYnov or cur. 

C P D. Arc showing prismatie colon. 

A B. Qrwt ciral* of white lifbt, hwlsonUllj plaood, ptMiof through tho lun'f enitra. 

P and P^. Primnatic arci. 
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( Continued Trom page 203.) 

LECTURES ON ELECTRICITY AND LIGHT. 

Delivered before the Franklin Institute, by Phof. Henry Mobtok, Ph.D. 

Havisq now described the genernl construction of the ordinary 
electrical machine, and the important points to be regarded in 
securing its best effect, it may be interesting to notice some remark- 
able machines which have been mannfactured, of the above genera] 
type, but distinguished by special features, either of magnitude or 
constructive detail. 

There was built, in 1856, by Mr. E. S. Ritchie, of Boston, 
for the University of Mississippi, a double plate machine of gigantia 
proportions and enormous power. 

Fig. 7 represents the machine alone, without its prime conductor, 
Pig. 7. 




which consisted of three cylinders, about one foot in diameter tii 
seven feet long, which were mounted on separate stands. 
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The plates of this machine are each six feet in diameter, and 
are excited by eight rubbers of brass, lined with fine wool felt f of 
an inch thick, covered in turn with stout India silk, on which the 
amalgam is spread. Negative electricity can be obtained from the 
upper system of rubbers, which are connected with the small cylin- 
drical conductor at the top. 

This machine cost 93000 without any of its adjuncts, such as the 
Leyden battery of one hundred jars, having an aggregate surface of 
about ninety square feet. A single turn of this machine filled a 
room with an overpowering odor of ozone. No description has ever 
been published of the results obtained with this instrument, and even 
its constructor, Mr. Ritchie, (to whose kindness we are indebted for 
the use of the accompanying cut,) tells me that he cannot furnish 
information on this subject, as the instrument was sent to its destina- 
tion immediately on being finished, and that no accounts have been 
received concerning its operation. This silence, for the last few 
years, is easily explained by the disturbed state of that section of 
country, but we may hope before long to have some record of experi- 
ments, which would be very interesting, as this is the largest machine 
of the sort ever constructed. 

A few words may be here said as to the special properties of large 
machines. Increase in the size of the machine, secures an increase 
in the quantity of electricity developed, and as a secondary result of 
this, an increase in the spark length. Thus, the machine made by 
Cuthbertson, in 1755, for Yon Marum, with double plates five feet 
five inches each in diameter, gave sparks of two feet in length. 

An ordinary machine, with a plate of thirty inches, on the other 
hand, is doing very well if it gives sparks of five inches. The reason 
of this is easy to understand. The large machine can readily supply 
a large prime conductor, and notwithstanding the increased leakage 
of this, can accumulate in it a proportionally large amount of elec- 
tricity. On such a large conductor, the tension may rise higher, 
before dispersion takes place, into the air, for the reasons already 
mentioned (page 202), as well as for other causes which will be better 
understood in connection with the distribution of electricity in 
conductors, which we shall discuss further on. 

In addition to this, all the oppositely excited parts are further 

apart in the larger machine, and all the terminations are in longer 

carves, for which case there is, in proporiioriy less loss from leakage. 

So regular in fact is this increase in spark length in following the 
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enlargement of the machine, that it was at one time assumed as a fair 
index in general, of the magnitude and value of the apparatus. 

( To be continued. ) 



(Continued from pftge 206.) 

MAGIC LANTERN AS A MEANS OF DEMONSTRATION. 

In place of hydrogen, obtained by any of the means before 
described, the ordinary illuminating gas may be employed with an 
equally good effect in all but a few spectrum experiments, to be 
described in future. To obtain an equal light, however, it is neces- 
sary to employ a heavier pressure than is required with hydrogen. 

As a practical question, the choice of one or the other material 
will be determined by local conditions, and especially by the character 
of the reservoirs used for storing the gases, and after these have been 
discussed, we will again briefly allude to this matter. 

Methods of Storing Gas. 

Gas baga^ of rubber cloth are perhaps most largely employed for 
the above purpose, and, with certain drawbacks, are of great service. 
To keep them in good condition, they must be treated with great care, 
especially after they have once been . in use. They should not be 
rolled or folded, but put away when not in use, on a large shelf where 
they may lie out flat. They should not be inflated or compressed whea 
rigid from cold, and after use with burning-gas, should be entirely 
emptied and rinsed with air by means of a bellows, with which they 
may be partly inflated, and then emptied two or three times in. 
succession. If these precautions are neglected, the life of a gas bag 
is but short, as is the case with those traveling from place to place^ 
where a few months limit their useful existence. But with care and under 
favorable conditions, I have had them last for two years, with prettjf 
constant use. Their cost is small — a 30 by 40-inch bag of wedge- 
shape, and having a capacity of forty to fifty gallons, according to 
its distension, is sold by R. Levick, 708 Chestnut Street, for $12. 
This does not include brass connector and stop-cock, which, however, 
once procured, will last indefinitely. Stop-cocks of hard rubber cost 
92 each. To force out the gas from these bags, press-boards and 
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"Weights of some sort most be employed. For press-boards, mere 
strong drawing-boards or pic-boards may be employed, the bags being 
spread npon the floor, the boards upon them, and the weights 
flo adjusted as to preserve an equilibrium. If two bags are used, this, 
however, requires a double set of weights, and each large bag 
demanding two hundred and fifty pounds (when nearly empty), this 
is an important point. Also with bellows-shaped bags, some means 
must be employed to prevent sliding. For two bags, it is therefore 
better to have press-boards made of three pieces, hinged together like 
the letter N, turned on its side, thus ^ ; a bag being placed in each 
angle, the stop-cocks passing through holes cut in the wood at these 
points. One set of weights then compreaaes both bags, and the 
whole being connected and steady, equality of pressure is readily 
obtained by adjustment in the position of the weights ; moving them 
Pig. 5. Fig. 6. 





to the right (see the overturned letter above) increases the pressure 
on the lower bag and diminishes it upon the upper, moving to the left, 
the reverse. 

The hinges used should be very atrong, like gate hinges, and riveted 
to the wood, then covered by a strip of canvas or oil-cloth, to protect 
the bags. For weights, twenty-eight pound blocks are the easiest to 
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handle, bat fiftj-sixes, buckets of water, coal scuttles, sand-bags and 
small boys, may all come in play on occasion. 

Ga9 holders^ such as are represented in Figs. 5 and 6, may be next 
mentioned. As fixtures in a laboratory (i.e., only to be moved about 
the room in which they are used) these are very convenient. They 
are absolutely tight, so that a supply may be kept on hand for any 
time, without loss or deterioration, while in the best gas bags a 
month's storage seriously impairs even oxygen. 

No handling of heavy weights is required, as that producing 
pressure may be left on permanently, and if removed, is relatively 
small. The pressure during use is absolutely constant, and the whole 
apparatus practically indestructible. The pattern here shown, is that 
furnished by Mr. Ritchie, of Boston, who is so widely known by 
reason of his great improvements in the Induction Coil. 

Fig. 5 shows an elevation of a pair of these gas holders mounted 
on a movable platform which runs on castors, and may thus be easily 
transferred from one part of a room to another. Fig. 6 shows 
a section of one holder with the attachment of a blow-pipe. 

( To bo continued. ) 
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Proooedingf of tlie Stated Xonthly Xoetiag, Xaroh 90tli, ISOT. 

The meeting was called to order with the President, Mr. J. Vaughan 
Merrick, in the chair. 

The minutes of the last Stated and Special Meetings were read and 
approved. 

The Actuary submitted the minutes of the Board of Managers, and 
reported that, at their stated meeting, held March 13th inst., dona- 
tions to the Library were received from the Royal Astronomical So- 
ciety, the Royal Geographical Society, the Statistical Societyi and 
the Society of Arts, London, England; L'Academie des Sciencest 
Paris, and la Soci4t6 Industriellc, Mulhouse, France ; the Smithsonian 
Institution and Ghas. Goln£, Esq., Washington, D. C. ; S. S. Garrigaes, 
Esq., Lansing, and the Board of Water Commissioners, Detroit, Michi- 
gan; Managers of the State Lunatic Asylum, Utica, New York; 
Trustees of the Gas Works and Messrs. Wm. I. Mullen, Frederick 
Fralejy George Erety and Samuel V. Merrick, Philadelphia. 
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The varions Standing Committees reported their minutes. 

The Special Committee on Experiments in Steam Expansion re- 
ported progress. 

The Special Committee on General Totten's letter, relating to the 
appointment of a Government Bureau of Mechanical Examination and 
Experiment, reported as follows: 

The Committee appointed to consider the scheme for the establish- 
ment of a '^ Permanent Examining Board for the Army/' as proposed 
in a letter from General Totten, respectfully 

REPORT 

That thev consider that the establishment of such a Board would 
be beneficial to the interests of the government and the public, but 
that in the proposed form it would be too expensive, as it involves the 
time and services of the most useful and accomplished officers, and of 
a large number of assistants, while there might frequently be times at 
which there would be no business for the Board to do. 

It is also suggested that the National Academy of Sciences, which 
numbers among its members several officers of the army and navy 
eminent for their sci^tific attainments, was established for the expressed 
purpose, among others, of examining into matters referred to it by any 
department of the government, and this it is constantly doing by its 
Committees. Provision is made for the addition of persons not mem- 
bers of the Academy to these Committees, and in this way the ser- 
vices of any officer may bo secured. By the law, no compensation 
can be paid to the members of the Academy ; but this does not ex- 
tend to the added members of the Committees, and any amount of 
money may be furnished by the government for the expenses of ex- 
periment. 

For the more elaborate investigation of any invention that has been 
favorably reported on, a special Board of officers may be convened at 
any of the arsenals or navy yards, at most of which great facilities 
exist for experimenting on a large scale. 

There has been for some time in existence in the navy department 
a ^'Permanent Board or Commission," composed of not more than fivo 
members, scientific officers or civilians who happen to be residing in 
Washington, to whom inventions are referred, and through whose hands 
an immense number have passed. 

A Board of the same kind, composed of officers of both services, 
together with civilians, might be readily established at a mere nominal 
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cost. It must be borne in mind, that the large proportion of inven- 
tions brought forward are entirely worthless, and can be disposed of 
very quickly, while important ones can be referred to special Boards 
or Committees. 

The Committee, therefore, offer the following resolution : 
Itesolvedy That while in the opinion of the Institute, it is desirable 
that there should be some way by which inventions, touching either 
the military or naval services, could be promptly examined and dis" 
posed of, the plan proposed by General Totten, of establishing a 
permanent Board, is too elaborate and expensive, and that it would 
be better to refer such inventions, first, to the National Academy of . 
Sciences, or to a small permanent Board such as described in the latter 
part of the report, and then, if necessary, to a special commission of 
officers and others, ordered for the purpose of more thorough investi- 
gation. 

Respectfully submitted, 

Fairman Rogers, 

Wm. J. HORSTMANN, 

Henry G. Morris, 

J. S. Whitney, 

J. Vauqhan Merrick, ^ 



Committee. 



The Special Committee to prepare a memorial to Congress with 
reference to the establishment of a Uniform Code of Danger Signals 
reported progress. 

The Special Committee appointed to attend the obsequies of Prof. 
Bache reported that they had fulfilled the duties required of them, and 
were discharged. 

The Committee on an ordinance to provide for the inspection of 
steam-engines and boilers reported their minutes. 

Thp paper announced for the evening on Ground Batteries, by Mr. 
A. G. Ballantyne, was then read, and various remarks were made 
upon the same by Professor Robert E. Rogers, Mr. Coleman Sellers 
and others. 

(The abstract of this paper, and of the accompanying remarks, will 
be published in the next number of this Journal,) 

Various communications were then made by different members on 
various subjects, an abstract of which will be found under the appro- 
priate heads in the editorial department. 

The meeting was then, on motion, adjourned. 

Henry Morton, Secretary. 
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DITORIAL. 



THE ELECTRIC LIGHT. 

The wants of manufacturers, of photographers, and of those gene- 
rally who either pursue some business occupation, or work of con- 
struction on the large scale, during the dark hours, or who make 
some special and direct application of light, are energetically de- 
manding an abundant, concentrated, intense, and yet economical, 
source of light. 

When we mention the first three requirements, our minds at once 
revert to the electric light, as we may perhaps have seen it produced 
by a powerful galvanic combination. But efficient as this may be, 
and satisfactory in the points first mentioned, it fails entirely (when 
developed by galvanic action) to fulfil the last but most important 
condition of economy. 

This subject has been thoroughly investigated in all its relations 
by Mr. Eben Jayne, of this city, with whose valuable experiments, 
conducted for many years, we hope before long to make our readers 
acquainted. The general conclusion reached by this gentleman is, 
we believe, that where economy is a main point, the electric light 
produced by galvanic action cannot be profitably employed. 

Vol. Lin. 21 
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While arriving at this negative result in one point, however, Mr. 
Jajne has not failed to develop many positive facts and conclusions 
of great interest and value. 

We must then rather look to some other source for the so desirable 
supply of the electric light-producing force. 

There are two directions in which much has been done, and is now 
doing in this respect. 1st. With reference to the conversion of me- 
chanical into electric force, as in the various magneto-electric ma- 
chines. 2d. As regards the direct conversion of heat (without the in- 
terposition of mechanical force or motion of machines) into electric 
energy; as in the thermo-electric batteries of Becquerel, of Marcus 
and of Farmer. 

As concerns the first of these, we need but mention the name of 
Wild, to recall to all our readers, those wonderful developments first 
published in this Journal last September, and since fully described 
in detail in our December number. 

We look upon this as the most promising improvement yet made 
in the production of electric force, and although the Abb6 Moigno, 
in a remark quoted in our last issue, mentions a difficulty which has 
been encountered in practice — from that heating due to what might 
almost be called "a friction of forces *' which Tyndall has so beauti- 
fully exhibited in an experimental manner, by melting an alloy in a 
copper tube, rotated between the poles of a powerful magnet — ^yetwe 
do not doubt that this will be easilv surmounted. 

This machine, as we gather from a statement in our admirably 
illustrated contemporary, the Scientific American,, is to be put in 
operation by a company just organized in New York, and we shall 
look with great interest towards that quarter, for news of progress. 

This is not, however, the last development in the above direction. 
Something more has been discovered, which, if not yet made efiective 
in a practical form, points very clearly to great practical results in 
the near future. 

We were amused, as no doubt were many of our readers, by a very 
preposterous account of evidently impossible discoveries made by Mr. 
Siemens, the well-known inventor of the gas regenerative furnace, 
which has been going the rounds of the unscientific and would-be- 
scientific press. We have intentionally forborne to quote and re- 
publish any of these statements, because we regarded our Editorial 
duties as including, among others, a moderate amount of seive-like 
action, by reason of which we should eliminate from our pages soma 
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of the nonsense which diffuses itself with such admirable facility 
through our periodical literature, scientific and otherwise. We have 
now, however, in the Chemical NewB^ just received the true version 
of the story, which, without transcending the bounds of possibility, 
is wonderful enough to excite our interest and reward investigation. 
We quote this therefore in full : 

^^ The apparatus used in Mr. Siemen's experiments, consisted of 
two electro-magnets, coiled with long and thin wires, and between 
the poles of these electro-magnets an armature, also coiled with long 
and thin wires, was made to revolve rapidly by means of pulleys. 

" When a voltaic battery was connected with the wires of the 
electro-magnet for a few moments, and afterwards disconnected, the 
residual or permanent magnetism of the electro-magnets was suf- 
ficiently strong to generate a feeble current of electricity in the wire 
of the revolving armature. The feeble current thus generated, was 
then transmitted through the coils of its own exciting electro-magnet, 
instead of the current from the battery, aud by the mutual action and 
reaction of the electro-magnet, and the armature upon each other, the 
magnetism of the machine could be exalted to such a degree as to 
require the application of very considerable power to drive the appa- 
ratus. 

"That this increase of magnetism was attended by an increase of 
dynamic electricity in the wires surrounding the armature and electro- 
magnet, was manifest from the brilliancy of the spark at the commu- 
tator and the increased deflection of a galvanometer needle placed 
within the influence of the elcctro-mjignetic circuit ; but the quantity 
of electricity was not sufficient to ignite wires, and was comparatively 
small in proportion to the mechanical force expended in producing it. 

" The apparatus used by Dr. Wheatstone in his experiments, which 
was also shown in operation at the meeting, was very similar in con- ' 
struction, and identical in principle, with that of Siemens, though 
each of these experimentalists appears to have worked out his results 
independently. 

" Instead of the long and thin wire used by Siemens in his machine, 
Wheatstone employed coils of thicker wires, and the wire on the 
electro-magnet was of the same diameter, and about eight times the 
length of that on the armature. The coils of the electro-magnet had 
consequently about eight times the resistance of the armature circuit. 
In this arrangement, the wire surrounding the armature being the 
generating circuit, it follows from a well-known property of the elec- 
tric circuit, that the amount of dynamic or useful effect which the 
current is capable of exerting when the resistance of the coils of the 
electro-magnets is in circuit, is about one-ninth of the total amount 
which the armament coil is capable of evolving, when the electro- 
magnet is excited to the same degree by a separate battery or other 
electro-motor. 
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This peculiarity of the machine was ma3e evident by Dr. Wheat- 
stODCy in a very striking manner, by means of the following well- 
devised experiment : — Two branch wires were led off from the ex- 
tremities of the armature coil, and when the electro-magnet was fully 
excited, the free ends of the branch wires were bridged across by 
means of a fine platinum wire about nine inches in length, which wire 
immediately became white-hot, and as suddenly ceased to be visibly 
hot until contact with the branch wire3 had been broken for a short 
time and afterwards re-established. 

*' This momentary ignition of the platinum wire appeared to Mr. 
Wilde to be due to the diversion of the greater portion of the current 
generated by the armature into the new channel or short circuit es- 
tablished by the platinum wire through the armature coils, before the 
high degree of magnetism which had been maintained in the electro- 
magnet by the full current from the armature, had been reduced by 
the loss of a portion of the current so diverted. 

"The results obtained by Siemens and Wheatstone are undoubtedly 
very interesting from a scientific point of view, but, practically, the 
exciting of the electro-magnet by the current from the armature used 
in connection with it, produces results very inferior to what are ob- 
tained from similar machines, the electro-magnets of which are ex- 
cited by a separate source of electricity of small power, as, in the 
latter case, the full force of the current generated by the armature 
coil is available for the performance of external work. 

"Mr. Wilde having himself, some time ago, made some experi- 
ments similar to those of M. Siemens and Dr. Wheatstone, came to 
the conclusion, that, in the present state of our electrical knowledge, 
the difficulty of utilizing the current from the armature, after it had 
passed through the coils of the electro-magnet was insuperable ; as it 
is absolutely necessary that the coils of the electro-magnets of 
electro-magnetic machines, when excited by intermittent currents, 
should be of considerable length, in order that they may acquire and 
retain a charge of electricity or magnetism, as has been shown by 
Drs. Henry and Faraday in their experiments on the induction of a 
current upon itself. On the other hand, for the production of pow- 
erful electro-dynamic effects, it is necessary that the wire of the arma- 
ture coil should be comparatively short and thick. Hence the iD- 
compatability of the armature and electro-magnetic circuits, when ex- 
alted dynamic effects, outside the machine, are required. 

** It 18 not a little interesting to observe, how, in the progress of phy- 
sical Boience, the same train of reasoning is often pursued by several 
individuals having no communication with one another. In the pre- 
sent inatance, it would appear that the * augmentation of the power 
of ft magnet by induction currents produced thereby, and reacting 
vpon the masnet itself,' has also suggested itself to other ezperi- 
aientalista besides M. Siemens and Dr. Wheatstone. In a letter pub- 
Ikhed in the Engineer of July 20, 1866, p. 42, the writer (Mr. J. 
Mumj) sajB:-—* The descriplioii Va t^^^tiXi uximW^ of the Bnginur 
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of Mr. Wilde's admirable improvements in the magneto-electric ma- 
chine, induces me to point out, if you will permit it through jour col- 
umns, a variety of the principles embodied in his machine, which is 
so obvious that it cannot fail to be hit upon, by some inventor before 
long.' 

**It is briefly this: — * Whereas, Mr. Wilde, beginning with an or- 
dinary magneto-electric machine, uses the current obtained from it 
to charge a powerful electro-magnet, and from this obtains a second 
and more powerful current, which, used in like manner, produces one 
still more intense, I, using only a single machine, pass the current 
obtained from its armatures through wires coiled round the perma- 
nent magnets, in such a direction as to intensify their magnetism, 
which in its turn, reacts upon the armatures and intensifies the car- 
rent. 

^^ ^It is obvious that the amount of mechanical force which can thus 
be converted into electricity is only limited by the capacity of the 
iron for magnetism ; just as the power of a steam engine is only lim- 
ited by the capacity of the boiler for absorbing heat." 

" Mr. Wilde has also received a letter on the subject of his recent 
experiments in magnetism from Mr. Moses G. Farmer, of Salem, 
Mass., United States, dated November 9, 1866, in which he says, that 
he had obtained an increase of 31 per cent, in the power of a mag- 
neto-electric machine, by transmitting the current from the armature, 
through coils of wire surrounding pieces of soft iron forming the pro- 
longed extremities of the permanent magnets of the machine. Mr. 
Farmer, in the same letter, adds: — 'I have built a small machine in 
which a current from the thermo-battery excites the electro-magnet 
of your machine to start it, and after the machine is in action, a 
branch from the current of the magnets passes through its own electro- 
magnet, and this supplies the magnetism required. It is not exactly 
like a person standing in a basket and trying to lift himself — because 
the electricity proceeds from the conversion of the mechanical en- 
ergy, which must be continually supplied. Neither can it in any wise 
be likened to the various schemes for producing perpetual motion ; 
but depends on the principle that the actual energy of the mechani- 
cal force, conjointly with the potential energy of the magnet, can 
develop a greater amount of potential energy than is originally re- 
sident in the magnet, or, in other words, it is a method of converting 
part of the actual energy of the prime mover, into the potential en- 
ergy of magnetism.* " 

The discovery of these facts undoubtedly opens the door to many 
new and important results. 

With regard to the second method of obtaining electricity^ that by 
direct action of heat, much has been done of late years ; bat the im- 
provements yet made, though securing an immense advance upon 
previoos attainments, have not brought this soiirQe oC ^1^^\»tv^ ^^^st 
np to the level of practical applicability. 
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Mr. Farmer, of Boston, mentioned above, has gone the furthest, 
we believe, in this direction, and with his thermo-electric batteries, 
somewhat resembling, in shape at least, the cylinders of ordinary 
stoves, and filled like them with burning coal, produces some sort of 
continuous electric light ; but he has made no publication of his re- 
sults, and what is above stated is only from report. 

As regards the application of such electric lights as we possess, to 
practical purposes, much is being done. Thus we learn from the 
Abb6 Moigno, that the electric light of the Alliance Company is in- 
stalled on the yacht of the Prince Napoleon^ where it will be em- 
ployed in experiments as to the possibility of thus illuminating a 
distant coast, fort or vessel. Experiments are also in progress on the 
the East Railway of France, with a view of lighting depots, and tun- 
nels in course of construction, and, as we noticed in our last issue, one 
of these lights has been employed in the shops of the North Spanish 
Railway. 



NEW INVENTIONS. 

At the last meeting of the Franklin Institute, there were exhibited 
a number of new inventions and improvements, some of which are of 
sufficient value to deserve a descriptive notice. 

An improYement in snrYeyin^ instruments, of great prac- 
tical value was exhibited by Mr. F. Seelhorst, of this city. This im- 
provement consists in an arrangement, by which the draw-tube of a 
small telescope may be adjusted in a manner analogous to that em- 
ployed in moving in or out the point of a pencil case, and without the 
use of the rack and pinion commonly employed. The advantages 
claimed are as follows : 1st. the tube being always covered will be 
less liable to corrosion and sticking. 2d. The instrument relieved 
of its pinion head is less liable to catch when carried through under- 
brush, &c. 3d. The apparatus is stronger than the rack and pinion, 
because bearing on five screw threads in place of a single tooth. 

A car break for tbe entire train, under the control of the 

engine driver, by S. McCambridge. In this arrangement a barrel is, 

by the action of a lever, thrown in gear with the driving axle of the 

locomotive, and winds up a chain which is practically continuous 

tbrougbout the train. Under eM^i cat \\nA^Vi%.Y\x ^aaaea over a fixed 
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pulley, and is returned over a movable one at the end of a bell-crank 
lever, which actuates the system of breaks for that car. By this 
means a given strain brought upon the chain, repeats itself equally 
on each car, thus giving an immense aggregate effect without exces- 
sive tension at any point. 

The advantages of such a system are many and obvious, among 
which especially may be considered this : That the entire control of 
the train being in the hands of the engineer, he may instantly '^ break 
up" his train in a case of emergency without waiting for any second- 
ary action of others ; and, it being easy for him, at any moment, to 
relieve the brakes, after putting them on, he will be the more likely 
to use this as a precautionary measure in cases of threatened danger, 
where he might otherwise prefer a risk to the necessity of an entire 
stoppage. 

An improYemeiit In TalTes^ by Thomas Shaw. This consists 
in fitting a slightly conical or tapering valve to a cylindrical seat, by 
cutting a fine screw thread upon each, the same thread being con- 
tinued upon the stem of the valve, and forcing it into its seat. By 
this means a perfectly tight valve is produced with little labor, and 
nicely of adjustment. The principle involved is precisely that ap- 
plied in all hydraulic fitting, where tapering pipes are screwed into 
cylindrical holes, and make perfectly tight joints, but the present ap- 
plication of it is ingenious and effective. 

A iraugre-cock. iirbl§tle was also exhibited by Mr. Shaw, which 
is intended to be attached to any ordinary gauge-cock, and will, when 
the cock is open, produce a whistle-sound if steam escapes, a bird- 
like note with foam, and no sound with water. By this means, not 
only is the engine-tender enabled more certainly to know the state 
of the water in his boiler, but the whole establishment are likewise 
notified of the same fact whenever he opens the try-cocks. 
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Maklngr a neur river and tunnelllngr an old one. — We 

have received the following very interesting particulars from Prof. 
De Volson Wood, of the University of Michigan, who moreover pro- 
mises us more of the same sort: 

^^ About two months since, I was at Joliet, Illinois, and saw tkem. 
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working on the Michigan and Illinoia Canal. They are deepening 
it, so that canal boats can float out of Chicago river into the canal, 
thus avoiding a lock at Chicago, and also causing a current in Chi- 
cago river. To do this, they excavate through solid limestone, about 
ten feet deep, for about eight miles. The expense is paid by the city 
of Chicago. The primary object is to improve the Chicago river, a 
work much needed, and one which will undoubtedly be secured by the 
plan adopted. It will take two years more to cut through the rock. 

" I was there but a short time, on a stormy day, or I would have 
learned more of it. I learned, incidentally, that it would cost Chi- 
cago about $1,500,000, but the information was not official. 

^^ I have also learned, but not officially, that the Legislature of Illi- 
nois has voted $5,000,000 to make a ship canal from Chicago river 
to, and down the Illinois river. 

"The city of Chicago is tunnelling Chicago river where it is crossed 
by Washington street. This will be a great relief to the business 
community. The business on the river is so great that it keeps the 
draw bridges on the move almost constantly in the summer time. 
Doubtless the river will be tunnelled in several places in a few years." 

Pennsylvania Steel Company's l^orks, at Baldwin, near 
Harrisburg. We were present last Wednesday at the visit of inspec- 
tion made by the stockholders of the above company to their now 
nearly finished works for the manufacture of Bessemer steel. Within - 
the narrow limits now at our disposal, it would be quite impossible to 
make any full description of these works, but, at a future occasion, 
we hope to furnish a full account. During the visit above named 
the various machinery was put through its motions. The huge con- 
verters turned over with the combined deliberation and ponderous 
grace of learned elephants, standing on their heads ; the hydraulic 
lifts glided up and down, the blasts from the blowing engines, roared 
like a whole menagerie of wild beasts, the various pumps pumped as 
became them, and everything else was in most satisfactory order. 

Among the visitors were the following : S. M. Felton, President 
of the Steel Company, George A. Parker, C.E., Isaac Hinckley, 
Henry G. Morris, Edward T. Townsend, Joseph B. Townsend, John 
Clayton, John Brown, Percival Roberts, Dr. Spooner, Edward Miller, 
C.E., Major Henry McAllister, Jr., Ellis Yarnall, Robert H. Lam- 
born, Wm. Sellers, Wm. B. Bement, Chas. Potts, George G. Lobdell, 
Edward Hoopes, Dr. Le Cont6, Henry R. Worthington and D. A. 
Hines, of New York, Hugh E. Steele, Messrs. Tatem Bros., Dr. 
Huston, Wm. Colder, W. Q. Hickok, Mayor of Harrisburg, Charles 
Hartshorne, Mr. Dimpfel, Thomas Arnold, Charles S. HinchmaD, 
Henry Gilbert, Esq., Aaron Bombaugh, G. Dawson Coleman and 
others. 
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(Continued from page 238.) 

THE NEW YORK "CENTRAL PARK." 

By "William H. Grant, Superintending Engineer. 

CHAPTER II. 
PRELIMINARY AND FOUNDATION WORK IN GENERAL CONSTRUCTION. 

Preliminart to the construction of the Park roads a thorough 
survey of the grounds was necessary, and a careful location of the 
roads as to lines of direction, curves, grades, etc. 

The proposed position of the roads as indicated hy a general out- 
line plan was the first point for consideration, as it was necessary to 
determine, by a careful investigation of the ground, how far it was 
practicable, with due economy, to conform to such a position. This 
involved the mapping out of the ground, leveling and making oross- 
Beotions and computations of the quantities of cuttings and fillings. 
More than usual care and labor were required in this work, in conse- 
quence of the general rugged character of the ground, the preva- 
lence of rock above the surface and hidden at various depths below 
the surface, and the considerably more than usual breadth of ground 
occupied by the roads. 

The problem was frequently complicated by other circumstances, 
iiuch as the crossings of bridle roads, traffic f( or "transverse") roads 
and walks, which were to be passed by bridges either over or under 
the proposed line of road. 

Comparative lines and modifications were necessarily considered, 
surveyed, plotted out and estimated. When this was done and the 
best compromise practicable made in the selection of the position 
of the roads, it was next necessary, where surplus material resulted 
from the excavations in grading, to find a place where such material 
could be turned to account and utilized in some other portion of the 
general work of improvement. In like manner, where a deficiency 
of material resulted from the excavations to fill the depressions, the 
site had to be sought on adjacent grounds, whence such deficiency 
could be made up or ^^ borrowed," and at the same time develop if 
possible, or at least not detract from, the natural features of the 
ground selected. 
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The desideratum was, of course, as in all cases of roads, railroads, 
canals and similar earthworks, to equalize cuttings and fillings. 
This process was perfected by modifications and re-adjustments of 
the grades from time to time, as found practicable after the general 
location was made, and also by slightly swaying the line of the road 
laterally, one way or the other, along steep sidehill ground, so that 
the portions of earth and rock lying above the grades, including the 
necessary side slopes, would, when excavated and removed, just fill 
up the intervening hollows lying below the grade-line. 

Where there are no restrictions as to the acclivity of the grades 
of a road and the shortness of curves to be adopted, or as to the 
position laterally that the road is to occupy, this problem is greatly 
simplified and admits of a comparatively easy solution. But in the 
case of the Park roads, it had been decided after a general study of 
the adaptation of the ground, to limit the maximum grades of the 
roads to one foot rise in a distance of twenty feet, and to make the 
curves large and sweeping, so as to admit of the easy turning of 
vehicles at brisk rates of driving, and of seeing a safe distance 
ahead ; the position of the roads, laterally, was also restricted in 
most cases, to quite a moderate breadth of ground. Hence it 
will readily be understood, especially by engineers, that a judicious 
location of the roads with reference to proper economical considera- 
tions, was no light task. 

GRADING. 

The location of a section of road having been made, the ground 
was staked out, and the depths of cuttings and fillings marked &c., and 
the work of excavating, grading and preparing the road-bed for the 
reception of the road material or superstructure, was then proceeded 
with. Care was taken in making the deeper fillings, to compact the 
materials so as to prevent subsequent settling and derangement of 
the work when the road was finished. All surface-soil, muck 
and vegetable or perishable matter were removed from the surface in 
advance of the filling; wet spongy ground was also excavated 
a proper depth to make room for better material. If surplus stones 
were lafibrded by the excavations beyond what were wanted for 
the road materials, or if the stones were of unsuitable quality for 
other work, they were deposited in such places and in such positions 
in the fillings, as were best calculated to facilitate the drainage and 
give firmness to the road-bed. When large stones and maascB 
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of blasted rock were used in the fillings, care was taken to fill the 
interstices between them with smaller stones and earth. 

The filling was carried on in this way in horizontal layers, until it 
reached its full height, advantage being obtained as far as practi- 
cable during the operation, of the travel of teams and carts over the 
successive layers, to aid in compacting the material. The filling was 
evenly shaped at the required height or " sub-grade," a crowning 
form being given to it transversely of the roadway, corresponding 
with the intended crown of the surface of the road when finished. 
The best material was selected from the excavations, for the last or 
surfacing layer, such as gravel, gravelly or sandy loam, or gravelly 
clay, as the case might be, and this, after the proper shaping, 
was firmly and uniformly rolled by heavy cast iron rollers drawn by 
two horses. Any inequalities or depressions occurring during the 
rolling, were filled up with fresh material, and the surface kept true 
to the sub-grade line longitudinally, and to the curved or crowning 
form transversely. The excavations were sunk generally to the same 
sub-grade line that the fillings were raised to ; if in earth that was 
not deemed suitable for the road-bed, they were sunk somewhat 
deeper, and the additional depth was refilled with better material, as 
before stated. In rock excavations, the rough irregular depressions 
at the sub-grade depth of the road that were caused by blasting, 
were filled with small stones and chips, in such a way as to keep the 
drainage free from the middle of the roadway to the side drains, and 
as far as practicable, outlets were given to all the deeper cavities of 
the rock, to prevent water from standing in them. 

The road-bed was crowned, adjusted and rolled, after the drainage 
was perfected, in the same manner in the excavations as on tho 
fillings. 

Generally, before the completion of the surfacing process of the 
road-bed, the necessary trenches were dug for the "surface" and 
"sub-drainage," and for the water-pipes that were laid alongside the 
roads, the drains and pipes laid down and the trenches refilled. 

DRAINAGE. 

After a firm foundation has been secured to build upon, the next 
important step in good road-making, is drainage. Without a firm 
foundation no art can achieve a successful superstructure, and with- 
out thorough drainage no superstructure, however well founded and 
otherwise skilfully built, will long resist the severe efiects of our 
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climate. Frost is a most destructive agent to roads and walks. It 
can only be resisted by depriving it of the means by which it acts — 
wet and moisture. Water retained in the soil or in the materials 
composing a road, soon produces deteriorating effects. The founda- 
tion is liable to settle unequally, displacing and deranging the 
materials above, and the surface of the road will wear away more 
rapidly by attrition, when saturated, producing alternately mud and 
dust. When the water is acted upon by frost, it will loosen and 
heave up the best road, and undo in a short time all that the 
appliances of art, in the use, disposition and manipulation of the 
best materials, have accomplished. Therefore it is held, that upon the 
thoroughness of the manner in which the drainage of a road is per- 
formed, and its successful operation, will depend the permanence of 
the work. 

Road drainage is of two kinds, sub-drainage, or under-drainage, 
and surface-drainage. Sub-drainage applies to the disposal of water 
that finds its way to the road-bed below the road materials, and into 
the ground forming the road-bed and immediately adjacent. 

Surface-drainage applies to the rain-fall and water from melting 
snows and other sources, received on the surface of the road and side 
slopes, and to the mode of conducting it away before it enters 
the ground or accumulates in too great a volume. 

Ist. Sub-drainage. — Where the roads were laid on fillings or 
"made ground," the nature of the materials was generally such as 
not to require special sub-drainage ; where they were laid on or very 
near the natural surface of the ground, and on excavated ground, 
which constituted the larger portion, sub-drainage was essential. 

In rock excavations the mode of drainage of the road-bed has 
been in part indicated. In both rock and earth excavations, side 
trenches were excavated, following nearly the lines of the road 
gutters, for the reception of drain-pipes for both sub-drainage and 
surface-drainage, and also for the water distribution pipes of the 
Park. The latter pipes occupy but one side of the road, branch 
pipes being laid from them where necessary across the road, to 
supply hydrants on the opposite side. In rock excavations, to save 
expense, the water pipes, surface-drainage and sub-drainage pipes on 
one side of the road, were all laid in one trench, and on the opposite 
side of the road the sub-drainage and surface-drainage pipes were 
also laid in a single trench. 

In earth excavations and in crossing fillings or made ground, the 
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vatcr pipes are laid in a separate trench from the other pipes. At 
intervals of about three hundred feet along the roads, "silt basins" 
are constructed (as i?ill be hereafter described) on each side of the 
road, into which the sub-drainage pipes discharge, and the water 
flowing out of the basins is conducted through a short branch pipe, 
into the larger surface-drainage pipes. The sub-drainage pipes, in 
consequence of their discharging at these short intervals into the silt 
basins, are not required to be large, and are composed of common 
drain tiles of 1} to 4 inches bore. They are laid at a depth of three 
to three and a half feet below the surface, with an inclination of, 
generally, not less than one foot in one hundred feet of distance. 
The manner of laying them is the same as that adopted in the 
general sub-drainage or agricultural drainage system of the Park, 
which is as follows : The separate pieces of pipe are carefully and 
truly placed on the bottom of the trench, with their ends in contact ; 
a "collar" — ^which is a short section of a larger sized pipe — being 
slipped over the joint, or a "saddle" — which corresponds with about 
the half of a collar divided longitudinally — is laid over the joint to 
prevent dirt from entering or being drawn in by water. The collar 
is preferable to the saddle, as it is the more effectual safeguard 
against the joints of the pipe or the pipe itself, being choked with 
earth. The drainage water gathering in the bottom of the trench, 
finds its way freely, in all ordinary cases, through the slight annular 
space (the collar fitting easily but not too loosely) between the pipes 
and collar, and through the inclosed joint into the pipe. The rough- 
ness and inequalities of the ends of pipes, although in contact, afford 
sufficient openings for the water to percolate through, and the 
frequency of the joints (about twelve inches apart) gives room for the 
admission of water in no great length of pipe, equal to the capacity 
of the pipe to carry safely. The covering of the pipe with earth is 
done with care, a light layer of selected material, free from stones 
and lumps, is first packed around and over it so as to cause 
no derangement of joints, and the balance of the trench is then 
refilled and thoroughly rammed, to prevent as far as possible, any 
future yielding or sinking away of the earth. 

The pipes in the side trenches of the road extend in this manner 
from one silt basin to another, starting a few feet in advance on the 
down-stream side of one basin, and extending to and entering the 
next one in the descending series. Lateral or branch drains are laid 
from these drains, running obliquely in the ascending direction, to 
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the middle of the roadway, and are placed at greater or leas 
distances apart, according to the circumstances of the ground. These 
lateral drains are composed of smaller tile^ than the side drains; 
sometimes instead of tiles, cobble or small quarry stones are used, 
and in such cases a shallower trench is dug than for tiles, the trench 
being from fifteen to eighteen inches deep below the sub-grade of the 
road, and of a width about equal to the depth. The trench is filled 
with stone or with stone and coarse gravel, to the surface, and 
a communication is made at the lower end of the drain with the side 
or main drain running parallel with the road, by a short piece of 
pipe, having one end fitted into the side drain and the other 
end extending into and surrounded by the stone or gravel. Drains 
of this kind are sometimes called "mitre drains.*' Sometimes, 
where more than ordinary precautions are necessary for draining the 
road-bed, the tiles for the lateral drains are covered with coarse 
gravel or rubble stones in place of earth, and the trench is partially 
or entirely filled with the same material. The main side-drains are 
also occasionally treated in the same manner. 

This method of sub-drainage was applied more particularly, in the 
detail in which it is here described, to the wider roads of the Park 
that were earliest constructed, the widths being from forty to sixty 
feet. For the roads of less width later constructed, the process was 
somewhat modified. The side-drains, by being brought closer together 
(by the less width of the roads), rendered, on most ground, the lateral 
or mitre drains of the road-bed unnecessary. Considerable portions 
of the narrower roads (thirty- three feet wide) were laid on "made 
ground'* that was composed largely of blasted rock and stone filling, 
and therefore needed no additional sub-drainage of any kind. 

2d. Surface-Drainage. — The surface or superficial drainage of 
roads is quite difierent in character from the sub-drainage, but is not 
the less important. Its object is in part, to relieve or assist the sub- 
drainage by disposing of water that would otherwise, to more or less 
extent, filter into and saturate the ground, but mainly, its purpose is 
to guard against the sudden gathering of water in large volume, and 
the gullying of the ground along the road, or sweeping away or 
abrading the road material. To illustrate the necessity of such 
a provision, it is only necessary to recur to some well -remembered 
instance — within the experience of most persons — of a country road 
where the effects of showers of rain have been seen in the deep and 
dangerous gullies formed by accumulations of water following a long 
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distance in the line of what was once, perhaps, intended for gutters, 
without any escape or outlet. 

The first element to be considered in a proposed system of surface- 
drainage, is the amount of rain-fall to be provided for, and the next 
step is to devise the most practical and efficient means, with a due 
regard to economy, by which to attain the desired result. The mean 
annual amount of rain-fall, including melted snow, as furnished by 
meteorological tables, is not a safe guide, the extremes only (that are 
not generally recorded) of rain-fall in the shortest spaces of time, 
furnish such data as is necessary for the object. This, however, if 
accurately ascertained, can only be taken approximately, and must 
be very much modified by a variety of circumstances. It would not 
be practicable to give to any artificial system of drainage, such 
a capacity as would meet emergencies that arise at widely occurring 
and uncertain intervals of time, as the great expense of such 
a system would, in all probability, surpass the amount of injury that 
might be done through the inadequacy, at such a juncture, of 
a modified plan. We do not find in the economy of nature, works of 
an hydraulic character upon so extended a scale as this. Rivers 
sometimes overflow their appointed channels, and flood plains and 
valleys ; and rivulets that course down mountain slopes for years 
together in capacious and well-worn beds, are occasionally swollen in 
80 unusual a manner as to break over and abrade away their strong 
and rocky barriers. 

Where Providence does not provide for extreme elemental contin- 
gencies, it would scarcely be wise for man to attempt to do so. 

A practical mean has to be found somewhere between the occasional 
or ordinary, and the remote or contingent extremes of rain-fall 
before settling upon the practical capacity of drainage works. This 
point received a good deal of attention in connection with the roads 
and the general subject of the surface-drainage of the Park. All 
available information and examples were consulted, but no special 
rule could be deduced, past experience and practice having settled at 
most, only general principles, leaving the formulae applicable to any 
particular case or locality, to be worked out according to individual 
judgment and the peculiar attending circumstances. The nearest 
approach that has been made to definite rules and unanimity 
of opinion, is in the drainage of cities ; but here, even, differences 
exist that are not easily reconcilable. Besides, the circumstances 
are so different in the two cases of city drainage and open land 
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drainage, that a rule, however clearly established in the one case, 
would not safely apply in the other. 

The question was settled as regarded the Park roads, by deciding 
upon such a provision for the drainage as would safely dispose of an 
amount of surface-water equal to a rain-fall of two inches in depth 
in the space of one hour. It is rare that such an amount of rain 
falls in this part of the country. No recorded instances have been 
met with of rain to that extent in the vicinity of the city of 
New York. The only instance that is known to be reliable, occur- 
red on a part of the Central Park grounds on the 13th day of 
July, 1859. The quantity of water that fell at that time in 
the space of half an hour (within a fraction), was two inches, 
as ascertained by a rain-gauge that was kept by the engineer depart- 
ment. It occurred during a heavy thunder shower, the violence of 
which lasted but little over the half hour, and which was evidently 
very local in extent. The amount of water was very unusual, being 
just double what it had previously been decided to provide for in the 
drainage system, and it would have been alarming, had it not 
been known to be unusual and exceptional. 

The portion of the Park grounds upon which the most of the 
shower appeared to fall, had not, at that time, been much broken up 
or disturbed by the progress of the various works of improvement, 
and but little damage was done by the water. 

No similar rain storm has occurred on the Park since that time, 
nor has a quantity of rain since fallen, it is believed, at any one 
time, equal to two inches depth in one hour.^ 

Had the drainage works of the Park been fully completed, 
together with the roads and other works of improvement when this 
storm occurred, it is not imagined that very material damage would 
have been done. Some injury would doubtless have been sustained 
by the roads, by the overflowing of gutters and washing off of the 
surface materials, and temporary ponds might have been formed in 
depressed portions of the grounds, but nothing more serious would 
have been likely to have occurred by a shower that was so limited in 
it$ range and duration. 

( To be continued. ) 



* The Croton Aqueduct Department report *' an extraordinary rain- fall in the 
city of New York, in October last, of upwards of four inches in about five hours." 
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PERMANENT WAYS. 

The following paper, descriptive of some recently tried plans for 
dispensing }yith woode^i sleepers on railroads, and substituting iron 
for all the parts of the permanent way, and the discussion on the 
material used in construction, which succeeded its reading at the 
rooms of the Society of Arts, in London, will be found particularly 
interesting by the American Civil Engineer at this period. 

The recent prosperity of the various corporations controlling our 
most important lines, has placed their exchequer in such a condition 
that many structures of a costly and solid character, are being 
planned and built. 

The desire to reduce operating costs, even at some expense to the 
interest account, leads every inquirer to consider favorably plans for 
increasing the perfection or durability of the structure under his 
charge. 

No part of our American railroads is perhaps open to more 
improvement than the permanent way. Within a decade, however, 
re can mark a great . advance from the narrow strap-rail laid on 
fooden stringers, such as was in use on the Virginia Central and 
tlier roads. This was succeeddd in many localities by the light T 
i^il with its thin rattling chair, placed on a single tie, which was in 
iTn followed by the heavier sixty-four, sixty-seven and eighty-five 
OTind rail, with fish joints, braced with wood and placed on two ties, 
let is still largely in use on our best lines. This system is in its 
fmn giving way to the magnificent superstructure such as the Lehigh 
^vigation Company is about to lay down, and the Pennsylvania 
^Iroad Company is engaged in laying — composed entirely of heavy 
^ssemer steel rails, carefully jointed with well-secured wrought 

TThe direction in which our contemporaries in Germany and England 
*^ progressing, may be partly gathered from the following paper, 
t^e experience of the German roads in this direction, is all the more 
finable because they use a section of rail not very difierent from 
^t chiefly adopted here, — the flat-footed or American rail. The 
^ts set forth may also be useful because they describe a superstruo- 
'^I'e entirely composed of iron, which in some modified form will in a 
tare period be found most expedient for use on the vast woodless 
Bins of the west and south-west. 

Vol. LITL 22 
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From the TiOndon Jonrnal of the Society of Arts, No. 740. 

THE ISOK FESMAITEHT WAT DT USE OH GEBMAH SAILWAT8. 

Bj T. A. KocnussEN, C.E. 

The system of making railways, by levelling a layer of ballast and 
forming an upper-structure of wooden sleepers, cast-iron chairs, 
topped with a wrought-iron rail, and held together by a wooden key, 
has, for a great number of years, appeared to Geromn engineers to 
be unworthy an age in which the manufacture of good iron, and its 
composition into an efficient .bearing system, are far better understood 
than thirty years ago, when the importance of railways as the 
principal arteries of our social and commercial intercourse was only 
just foreshadowed. 

While locomotives and rolling-stock had, in their construction and 
performance, progressively represented the advance of practical 
science, and embodied the genius of the designer, the care of the 
builder, and the aptitude of the worker in metal, to provide for all 
' the requirements of traffic, it was felt in Germany as well as else- 
where, that the time had arrived to apply the same intelligence to 
permanent way ; and that it had become necessary, as much as 
possible, to reduce the variety of material, and to avoid that most 
liable to perish, like wooden sleepers or cast-iron chairs, alike 
destructive to the wood below and the wrought-iron above; and 
finally, to get rid of the crude contrivance of fixing rails by means 
of wooden keys. For this reason, the double-headed rail, copied 
from English precedent, has enjoyed little favor in Germany, and 
where adopted, is gradually superseded by the more general practice 
of flat-bottomed rails, with or without bed-plates on the sleepers. 

The failure of Barlow's permament way (perhaps a great deal 
owing to the use of inferior material) unfortunately discouraged rail- 
way directors from pursuing or sanctioning experiments in the right 
direction, and jeopardizing dividends. While, therefore, different 
scientific papers published a number of schemes for the construction 
of iron permanent way, some patented, others given away pro bono 
publico, and all of them eagerly discussed at the meetings of practical 
engineers, the first step to realize a project was only made at the end 
of the year 1863, by putting in hand the different systems herewith 
illustrated, some of which came into actual use in the beginning of 
1864, others in 1865. 

The theory which guided these constructions, may be summed up 
as follows : 

The nearest approach to perfection in a permanent way, is to 
present to a moving load a sufficient, an unmoveable, continuous, and 
even resistance, as the only means of obviating the oscillation and 
thumping of fast trains. 

Although the weight and height of the rails haverbeen steadily 
increased, in order to spread the rigidity of the line over a large 
number of cross-sleepers, there remains in practice an onayoidabk 
deflection of rail between the points of support. 
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The bending down of the sleeper-end, taking place daring the 
passage of the engine and the oscillation of the carriages or trucks, 
especially with old or soft wooden sleepers, sufficiently shows that the 
pressing load is not spread equally over the whole length of the 
sleepers, and is not evenly supported for the entire length of the 
wheel base,* but that the chair, or point of support, receives a succes- 
sion of blows, with the whole weight of the load resting on the axle. 

If, therefore, we could devise a longitudinal way, possessing 
sufficient rigidity to transmit the pressure of the load over a large 
bearing surface, we should avoid the wave-like motion occasioned by 
the cross-sleepers. 

This resistance to pressure can be obtained in a simple ratio, 
by increasing the fiat base resting on the ballast, or, more economi- 
cally, by increasing the height of the rail, since the power to support 
grows in the square ratio of the height. * 

The boldest and simplest plan of iron permanent way under con- 
sideration, was that advised by Mr. Hartwich, engineer of the Rhenish 
Railway, and laid down on the right bank of the Rhine, between Go- 
blentz and Oberlahnstein on a perfect level, and also between Mecher- 
nich and Enskirchen, the latter an incline of 1 in 70, and on a curve 
of 800 yards radius. 

The ballast, always an object of especial solicitude with Prussian 
engineers, is of broken flint, and laid in a channel three feet broad at 
the top, shelving down to one foot, and eighteen inches deep. The 
rails shown in section A (see Fig. 1) eleven inches high, weighing 115 
lbs. per yard, with a flat bottom of four inches, are placed immedi- 
ately in contact with the ballast, and sleepers or bed-plates are dis- 
Eensed with. The space between the rails up to the middle of the 
ead, and also the clear way outside the rails, are filled with fine gra- 
vel, tightly rammed in. 

The rails are fished vertically and horizontally, as the rail of sec- 
tion B, nine inches high, which has since been ordered to the extent 
of fifteen miles, on the line between Kempen and Kaltenkirchen, 
and its adoption is likely to extend with the growth of Rhenish rail- 
ways to the exclusion of the eleven-inch rails, which were found 
unnecessarily heavy and expensive. These rails are nine inches high, 
with a flat bottom five inches wide, weighing 85 lbs. per yard ; the 
head, down to one inch of the web, is formed of steel, the web of 
fine grain, and the bottom of fibrous iron. 

The vertical fish-plates, eighteen inches long, have two rows of fish- 
bolts for each rail-end, and to increase their stiffness have a longitu- 
dinal rib, resting against the web of the rail. The horizontal fish- 
plates, also eighteen inches long, are eight inches wide, and their con- 
nection with the rail is established by means of a cramp-plate, held 
between the iiuts of the fish-bolt, and bearing upon the base of the 
rail. The use of this cramp is principally to allow a greater width of 
fish-plate, and to protect it against buckling up by the pressure of the 
rail. The rails are held to gauge by one-inch round bars, placed three 
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feet apart, the ends of which arc provided with a screw-thread, nut, 
and washer, at each side of the web, so as to allow an easy adjust- 
ment of widening or narrowing the rail distance to the proper gauge. 
Alternately, the cross, or gauge bars, are put either three inches from 
the top of the head or three inches from the bottom of the rail. 

The whole weight of the system is 145 tons per mile per single line 
of way; the contract price all round being <£13 15«. per ton ; or, ex- 
clusive of ballast and laying down, £1985 per mile. 

The engineer reports : *' Since June, 1865, the double line from 
Coblenz to Oberlahnstein and the Mechernich line have been worked 
with tender-engines weighing 37 J tons ; no alteration has taken place 
in the level of the way, and the rails have nowhere worked into the 
ballast. The gauge has not in any instance been disturbed, the re- 
pairs of packing have been very trifling, and far less than on the line 
with cross-sleepers? The whole length forms a continuous, unmovable 
railway ; and although there is a little bending at the fish-joints, this 
inconvenience is imperceptible compared with the advantages of the 
whole system. The filling of the rail space with gravel provided a 
more efficient security against sliding than the dogs and bolts in the 
wooden sleepers. The motion on the rail is perfectly free from oscil- 
lation aud thumping ; the noise of the passing train has a deep rolling 
sound, and although some passengers, who are acquainted with the 
peculiarity of the construction, pretend that the line is hard, the dif- 
ference is not noticed by the majority of travelers. Whether the 
rigidity of these high rails will be more detrimental to themselves 
than the constant bending on cross-sleepers, time will have to show. If 
this disadvantage should manifest itself, it could be met by increasing 
the elasticity of the springs; on the other hand, the rigid surface offers 
a saving of traction power and wear of wheek, considering that with 
rails bending between sleepers every wheel practically runs on an 
inclined plane. It may be urged that, if once the rail heads should 
be worn out, the whole system will require renewal, but as an extensive 
experience with steel headed rails in Prussia, during 14 years, has 
shown that the life of a good rail, even under very onerous circum- 
cumstances of traffic, is about 21 years, this objection falls to the 
ground, the more so since the rails of the present day, on wooden 
sleepers, have already reached the same weight per yard as our whole 
system without sleepers." 

In the beginning of the year 1864 the Hoerder works, in West- 
phalia, supplied the Brunswick Railway with the two systems of iron 
permanent ways represented by Figs. 2 and 3, each of about 1100 
yards in length, and some time afterwards with another variety of the 
same system, represented by Fig. 4. 

The two first are lying side by side on the distance between Bruns- 
wick and Wolfenbuttel, that portion of the main line fronj the west to 
Berlin on which the wear of oak sleepers and the general repairs of 
the permanent way had been the heaviest of the whole distance be- 
tween Cologne and Berlin. 
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Tbe three systems embody the principle of supporting the head of 
the rail between the vertical arms of two angle-bars, riveted together, 
and held to gauge by cross-bars, the dimensions and distance of which, 
as wellas of the angle-bars themselves, being varied in order to ascer- 
tain the maximum limit of saving material which may be approached 
without jeopardising the eflSciency of the construction. 

In the system shown in Fig. 2, the longitudinal rectangular angle- 
bearers measure 6 in. X 6 in. X ^ in., and are placed half an inch 
apart, to allow the web of the head rail to slip in. The gauge, or 
cross-bars of T iron 4 in. X 3 in. X f in. are placed five feet apart, 
and are riveted below to both the horizontal arms of the angle^bars. 

In sytem No. 3 (Fig. 3) the rail-bearers are formed by angle-bars 
of 93^, the dimensions of which are reduced to 5 J in. X 5^ in. X J in., 
the head-rail, head-bolts, and their distance apart being the same as 
in system No. 2 ; but the cross-bars, here placed only three feet apart, 
were made of fiat bar 3 in. X ^ in., ending in a T section, which is 
riveted through the two arras of the rail-bearers. In order to prevent 
the squeezing together of the latter, a half-inch fillet-plate is inserted 
between them. The fishing of joints is efiected as in system No. 2, 
and the horizontal-bearing surface is 274 square inches per running 
foot of railway. 

On the wear of the railway, the engineer, Mr. Scheffler, reports as 
follows : ^* The two systems lie side by side in a straight line, half 
the distance being on well-drained large gravel, the other half in fine 
gravel mixed with clay, very impermeable to the percolation of water. 
Both lengths have been worked for more than two years, and are in 
excellent preservation, continuing to bear a heavy express, passenger, 
goods, and mineral trafiic. The state of the rails has been uninter- 
ruptedly satisfactory, and they have not required the same labor of 
keeping up which was necessary for the other portion of the railway. 
This contrast was especially remarkable in winter during a prolonged 
low temperature. After the thaw in the spring of 1865, only in the 
system No. 3, 'in those portions of the line w^here the ballast is unu- 
sually bad and clayey, a few instances of sinking occurred, but not to 
the same extent as on the line with cross wooden sleepers ; however, 
on the larger portion of system No. 3, and on the whole of system No. 
2, no packing or adjusting of any kind has been necessary. This fa- 
vorable result is, perhaps, to be ascribed to the great height of tho 
rail-bearers, which permit the bearing surface to lie deep in the bal- 
last, and reduce the influence of frost on the base of the rail. Tho 
packing and lifting, when required, are an easy operation, and these 
constructions have shown no instability — a gratifying fact, since emi- 
nent engineering authorities, looking at the flat base of the rail- 
bearers, predicted a shifting sideways of the whole line. After two 
years' heavy traffic no displacement has been perceptible ; all the 
component parts of the iron permanent way arc in their original good 
condition ; not a single rivet has worn loose, but the nuts of the head- 
bolts require now and then to be tightened with a spanner, as in those 
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of the fish-plates of the ordinary construction. The iron, including 
the portion submerged in the ballast, has been oxidized to a trifling 
extent, and hitherto experience has not justified the preference of one 
system over the other. The motion on both systems is a little harder, 
but, at the same time, much more steady and smooth, than on the most 
carefully constructed permanent way with wooden sleepers. Hitherto 
it has been impossible to note any difference in the motion of the car- 
riages during the various influences of extreme heat or cold, it is the 
same in winter as in summer. In the manufacture of the rail-bearers 
for sytems Nos. 2 and 3, the Hoerder works found a diflSculty in roll- 
ing the top of the vertical arm to a sufficiently clear edge, and this 
inconvenience necessitated their being planed. In order to obviate 
this expensive operation, the Hoerder works proposed to roll the top 
of the vertical arm with a bulb or rib, which allows a true edge to be 
produced without any further mechanical finishing. The Brunswick 
Railway thereupon resolved to adopt this bulb angle in their last sys- 
tem, No. 4 (Fig. 4), embodying the weight of the smaller section No. 
3, which in practice had proved sufficiently strong, at the same time 
giving a conical form to the head bolt, in order, when tightening the 
nut, to press the head rail down on the rail-bearers. This head is 
made of cast steel. While keeping to the weight of the former 8e^ 
tion they increased the height of the vertical arm to 6J inches, the 
horizontal arm to 5^ inches, the thickness of both being f ths of an 
inch full. Another deviation from systems No. 2 and 3 is the form 
of the cross-bars, which are of channel or C iron, 4 in. X If in. X fths 
of an inch, placed five feet apart, as in system No. 2, and are fastened 
with bolts and nuts through the two vertical rail-bearers. The hori- 
zontal supporting surface of this system is 306 square inches per run- 
ning foot of railway. It does not appear advisable to place the cross- 
bars at a greater distance from each other, since they not only serye 
to keep the line to gauge, but also contribute in holding each pair of 
rail-bearers together to prevent their buckling ; and, at all events, 
the greater rigidity of the system compensates for the trifling, if per- 
haps superfluous, outlay. Experience will teach us the maximum dis- 
tance of the cross-bars, and also whether a large number and their 
submersion in the ballast offer (as we have hitherto found) a sufficient 
resistance to the supposed tendency of the railway to move sideways, 
or whether it is advisable, for additional security, to adopt keel-fishes. 
The cost of the iron permanent way, exclusive of ballast and laying 
down, has been 36«. per yard, or, with laying down, £3200 per mile, 
as against 25«. per yard, or £2250 per mile for the ordinary construc- 
tion with wooden sleepers. The weight of the three systems is — ^No. 
2, per yard, 854 lbs. ; No. 3, 295 ; No. 4, 300. The Hoerder works 
supplied the materials for systems Nos. 2 and 3 at <£13 5«. per ton, 
delivered at Brunswick ; but for system No. 4 stipulated an advance 
of.5«. per ton, on account of the wider dimensions of the angle-bars, 
which necessitated the use of better iron. The building up and laying 
of the permanent way, after the laborers got used to the work, pro- 
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gressed rapidly; the cost of laying down was 10(2. per yard as against 
7d, per yard for the old system. The ballast under the iron way, is 
of the same depth as that under the wooden sleepers, viz., 12 inches, 
and practice has shown this to be sufficient. 

^' The experience of two years has not yet furnished conclusive data 
exactly to fix the cost of keeping up the line, but we have found — 

^' 1. That packing has been much less needed than with the ordi* 
nary cross-sleepers, and the expenses under this head are merely no* 
minal. 

^^ 2. The rails have not required any repairs ; neither head-rail nor 
rail-bearers have been renewed or altered; and it is remarkable that 
the rail-ends have suffered much less (owing to their uniform support) 
than on the cross-sleepers. 

^'The principle of longitudinal construction is, in theory, the most 
correct, and is borne out by practice. The even continuous bearing 
is of immense importance to the permanent way, as well as to the roll- 
ing stock, and gives a much easier motion to engines and carriages. 

^^The uniform rigidity of this rail system, and the perfect support 
of the head-rails, show a marked improvement in the wear of the heads. 
The use of rivets — in places where frequent renewals are not likely 
to occur, as in parts covered by the ballast, and therefore not much 
shaken — is not objectionable. The number of component parts is not 
large, their connection is easily established, and practice has proved' 
the construction to be strong. The rigidity of the iron permanent 
way, both vertically and horizontally, is much greater than that of 
the cross-sleepers. This is proved, not only by the analysis of form 
and dimensions of the section, but also by the steady motion of the 
rolling stock, and this advantage is conspicuous in express and heavy 
mineral trains." 

Thus far Mr. Scheffler. After the favorable experience obtained 
on the Brunswick line, the Hanoverian, Oologne-Minden, the Saxon 
and Wurtemburg State railways, have resolved to lay down experi- 
mental lengths of iron permanent way, constructed on analagous prin- 
ciples. 

The Hanoverian system, illustrated by Fig. 5, was made by the 
Hoerder works, according to the specifications of the engineer of the 
line, but it does not appear to offer any advantage in theory, while its 
cost is much higher than that of the Brunswick system. The Hano- 
verian permanent way has the same cast-steel head as system No. 4 ; 
but the rail-bearers, \ inch thick, are formed of angle-bars of 115% 
5^ inches high, and 6^ inches base, giving a horizontal bearing of 12 
inches wide, equal to 288 square inches per running foot of railway. 

The rail-bearers are riveted together, with a fillet plate, as in system 
No. 3. The head-bolts, conical, as in system No. 4, placed 18 inches 
apart, have a collar under the nut, which, pressing the rib of the angle, 
counteracts the supposed tendency of the head-rail to incline outwards. 

The bars, 8 feet apart, of 3 inches X i inch fiat bar, are, as in sys- 
tem No. 8, riveted with T angles to the angle-bearers. The keel fish«> 
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plates are formed of T iron, 5 inches X 2J inches X i inch. Abont 
five miles of this iron permanent way were laid down in 18GG, which 
give a very satisfactory result ; they will, however, only be thoroughly 
reported on after next spring. 

A variation of the iron permanent way of systems Nos. 3 and 4, is 
now being constructed at Hoerde for some German railways, on a plan 
patented in this country by the author, and the advantage of which 
was developed during the manufacture of the material for the Bruns- 
wick and Hanoverian way. (Models, full and half size, were on the 
table.) When the metal used for the headrail was changed from the 
use of the iron to the use of cast-steel, it was no longer practicable to 
punch the bolt holes in the web, and every hole had, at considerable 
expense, to be bored and slotted out. 

Besides, under all circumstances, particular care was required in 
correctly adjusting the holes in the web with those of the rail-bearers. 
These combined considerations made it desirable to devise a system 
establishing a direct and strong connection of the head-rail and .rail- 
bearers, without the head bolts passing through both, and led to the 
combination illustrated by Figs. 6 and 7. 

The bulb or rib of the vertical arm instead of being placed outside, 
as in the Brunswick permanent way. No. 4, is here turned inwards, 
and is rolled into a dwarfed T section, thus forming a groove into 
which the ribs or bulbs of the rail-bearer gripe ; and the whole system 
is tightened and firmly held together by the screw bolts, or wedge 
keys, passing through the rail-bearers under the head without touching 
the web at all. The head bolts are placed 20 inches apart ; and in 
order to prevent their pressing tho. angle-bars closer together than 
necessary, a stop rivet is placed under each of them near the throat 
of the angle, which thus keeps each pair of rail-bearers at the proper 
distance from each other. 

In Fig. 7 a plan is suggested to efi'ect economy of material by slightly 
reducing the height of the rail, and replacing expensive screw bolts 
with cheaper keys and wedges, all of which can be simply rolled as a 
bar and cut off to the requisite size. 

The cross-bars of these systems can, of course, be made of any sec- 
tion of iron. Those now making are partly of double T iron, partly 
of angle iron, bolted to the inner arm of the construction. By these 
means the outer arm of the rail-bearer can at all times be removed for 
the purpose of shifting, reversing, or renewing the head rail, without 
disturbing the gauge of the railway. The cross bars are most conve- 
niently fitted near the end of the rail-bearers, where they contribute 
to stiffen the fish-joint, and at the same time serve admirably as sup- 

Eorts of the points, which move easily over the flat surface of the cross 
ar. 

In order to prevent the sliding backwards and forwards of the head 
rail by the friction of the wheel, a square stop bolt is applied to the 
head, passing through a notch in the web at each end of the rail. A 
few holes are punched here and there in the horizontal arm of the rail- 
bearer to assist in draining the ballast. 
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It is scarcely necessary to urge anything in favor of the principle 
of longitudinal permanent way generally. In some countries the first 
cost may appear greater ; but the ever-increasing expense of keeping 
up wooden sleepers, especially in hot climates ; the interruption of and 
danger to traffic during repairs ; and, on the other hand, the advan- 
tages offered by the iron way of decreased wear of rolling stock, as 
well as increased safety and comfort in traveling, are considerations 
of such importance as to render the abandonment of the present cross- 
sleeper construction merely a matter of time. 

In the systems just described the life of the iron parts is practically 
unlimited. The only portion subject to gradual wear is the steel head, 
weighing about 34 lbs. to the yard ; and this economical application 
of the more expensive material justifies the engineer in using crucible 
cast steel of a high class, instead of the cheaper but less durable Bes- 
semer steel, which, for good financial reasons, is the only steel which 
railways have hitherto allowed themselves to use. 

The weight of the new system, as per dimensions shown in Fig. 6, 
is 223 tons per mile ; the cost, inclusive of laying at 9d. per yard, 
about X3100. 

The weight of system No. 7 is 193 tons, and the cost about ^2700 

Eer mile of single railway. But these prices are based upon the use of 
igh-class Prussian iron, at £12 to £14 per ton, and bolts from £24 
to £30 per ton ; with the use of English iron the cost per mile should 
not exceed £2200 per mile. 

I would finally urge, in favor of the iron permanent way, the con- 
sideration that wood is getting scarcer and dearer every year, and may 
well be saved from decaying in the ballast, in order to fulfil the nobler 
mission of meeting .the numerous wants of our domestic and social 
habits and dwellings. And if railways in England and its colonies 
were generally to adopt the iron permanent way, an immense impulse 
would again be given to an industry now unfortunately languishing, 
but the prosperity of which forms the back-bone of the wealth and 
power of this country. 

Weight and Cost of System No. 6 per Mile, calculated on the price of 

Prussian Iron. 

(per length of 20 feet.) 

£• 8. a. 

2 head rails 4G0 lbs , at 16«. Ctd. cwt. 8 

4 rail bearers 1180 '* 

3 cross bare 170 <* 

4 fish plates 2G 



62 bolts and nute 48 '« 

22 atop bolts 8 



<( 



16«. Cxi. cwt. 


8 


7 


9 


12a. Od, " 


G 


5 


7 


13«. Gd. «« 


1 





9 


12s. Orf. «« 





3 





30a. Orf. «« 





12 


9 


24a. Od. «* 





1 


9 



1892 lbs. £11 11 7 

= per mile, 223 tons £30oC 18 

Laying down, at dd. per yard GG 



Totol £3122 18 
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WeigJit and Cost of System No. 7 per Mile, calculated on the price of 

Prussian Iron, 

(PEB LENGTH OF 20 FEET.) 

2 head rails 4f>0 lbs., at 16«. 6rf. cwt. 8 7 9 

4 rail bearers 1050 " Via. Od. *' 6 12 6 

4 cross bars 44 »* 12«. Orf. ** 4 8 

4fish plates 26 «* 128.0(1. <* 8 

26 wedges and cotters 87 ** 18«. Orf. " 6 11 

18 stop bolts 7 ** 24a. Orf. "016 

16 bolts and nuts 16 " ^Os, Od. «* 4 

1640 £9 19 4 

t= per mile, 193 tons £2631 4 

Laying down, at 8c2. per yard 67 

Total £2688 4 
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By P. W. Sheafkr, Engineer of Mines, Pottsville, Pa. 

The accompanying anthracite coal monument [Plate V.] represents 
the wonderful and recent appreciation of this kind of fuel. 

That portion of Pennsylvania purchased from the Indians at a 
treaty in Philadelphia on the 22d August, 1749, for <£500, embraced 
all of the middle and southern coal fields included in all that district 
north of the Blue Mountains, and extending from the Lehigh to the 
Susquehanna rivers. The northern, or Wyoming and Lackawanna 
coal districts, were included in the Fort Stanwix purchase of Novem* 
ber 5, 1768, which great area, reaching from the south-western to the 
north-eastern boundaries of Pennsylvania, cost $10,000. 

The following data show how anthracite coal struggled into recog. 
nition as a fuel : 

In 1768 anthracite coal was first used in Wyoming Valley bj 
Obadiah Gore, (blacksmith.) 

In 1775 and '76 — several boat loads of anthracite coal were sent 
from Wyoming down the Susquehanna, and thence hauled to Carlisle 
barracks, to manufacture arms. 

In 1790 — coal first known in Schuylkill county. 

In 1794 — blacksmiths used it in Schuylkill county. 

In 1808 — used in grates by Judge Fell, of Wilkesbarre. 
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In 1812 — Col. Geo. Shoemaker hauled nine wagon loads of coal 
from Pottsville to Philadelphia, and gave away the coal. 

In 1814 — Charles Miner sent an ark load (24 tons) of coal from 
Mauch Chunk via the Lehigh and Delaware, to Philadelphia. 

In 1815— Schuylkill navigation commenced. 

In 1820 — 365 ton^ of coal were shipped by the Lehigh canal. 

The coftl product in 1820 wu 8G5 tons, equal to 1 ton per diem. 
«< «« 1830 174,784 " 479 «* 

•* " 1840 864,884 «« 2,868 " 

" " 1860 8,858,899 *« 9,208 " 

« " 1860 8,412,946 «< 23,049 " 

*< «• 1866 12,703,882 " 84,806 " 

The increase per diem has been almost one hundred-fold in forty- 
six years. 

The comparison between the population of the United States and 
the anthracite product of Pennsylvania, shows a gratifying increase 
in regard to both. 

Popalatlon. Ooal product. 

1820 9,688,181 866 tons, or 26,629 capita per ton. 

1880 .12,866,020 174,784 " 78-6 " " 

1840 17,069,468 804,884 " 19-6 « •' 

1860 28,191,876 8,868,899 " 6-6 " " 

1860 81,641,977 8,412,946 <* 8-8 " " 

The increase of population is so great that we can hardly expect 
the product of coal in 187 0, to be three persons per ton of coal, and 
when it will be one person per ton, who can tell? 

The gross product of anthracite coal from 1820 to 1866, inclusiye, 
amounts to 149,876,119 tons. 

The areas of the seyeral coal districts are nearly as follows : 

THB FIRST SOUTHERN OR SCHUTLEILL OOAL FIELD. 

1. East of Tamaqua mostly covered by the lands of the Lehigh Coal 

Navigation Company 16 square miles, 10,240 acres. 

2. Tamaqua to Pottsville 86 " 28,040 

8. Pottsville west, to Forks of Basin 56 « 85,200 

4. North Fork, or Lykens Val. Prong 16 " 10,240 

6. South Fork, or Dauphin Prong.... 16 « 9,600 

6. North Mine Hill Kange 8 '• 6,120 



Total area of Southern coal field 146 «« 93,440 " 
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THE SECOND OR MIDDLE COAL FIELD. 

1. Shamokin District 60 square railos, 32,000 acres 

2. Mahanoy " 41 " 20,240 « 

3. Boavor Meadow, Hazlcton, Big and 

Little Black Creek 35 " 22,400 * 



Total area of second coal field... 12G 

The 3d Northern or Wyoming and 
Lackawanna coal field 108 

Total area of the anthracite coal fields 470 
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80,640 



126,720 
3()i 1,800 



The average yield per acre thus shown in forty-six years, amounts 
to nearly 600 tons. The inquiry naturally follows as to how much 
remains. In former calculations, we made the coal thickness of the 

Southern coal field to be 26 yards. 

Middle *♦ 16 •* 



Northern ** 



16 «« 



These sums, multiplied by the number of acres in each field, give 
the following results : 

In the first coal field 11,808,824,000 cubic yards or tons. 

second «« 6,854,964,000 

third *« 9,179,872,000 



tt 






Total 26,343,660,000 

Deduct half for waste in mininc: 
and breaking 13,171,830,000 



Balance 13,171,830,000 

Deduct amount mined in forty-six 
years 149,876,119 
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Balance on hand 13,021,953,881 

equal to 43,291 tons per acre. 

These figures give an amount of coal "in the hold," equal to a 
demand of 20,000,000 per annum for 651 J years m the future. 

The correctness of these data may be brought into question, but 
not fairly disputed. 

The coal area is well defined and correctly shown on our maps ; 
the coal thickness for each coal field is not over-estimated, and the 
deduction of one-half from the gross amount, should cover all waste 
incident to our extravagant and careless mode of mining, and the yet 
more improvident waste in the preparation of coal for market. I 
have estimated 20,000,000 tons per annum for a future demand; this 
amount is assumed by some as the maximum product of our mines. 
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I can hardly believe it to be our limit. With so grand a supply at 
our command, with all the modern and improved appliances for 
extracting coal from the mines, with more numerous shafts, slopes, 
tunnels and drifts, and, more than all, the indomitable energy and 
skill of our people, we can scarcely imagine a demand to which we 
are not equal. 



COFFER-DAM AT TURNER'S FALLS, 

On the Connecticut Mirer » 

By James B. Francis, Civil Engineer. 

Turner's Falls are situated in the towns of Gill and Montague, 
Massachusetts, about a hundred miles from the mouth of the river. 
The fall, which with the rapids below, is about sixty feet, is produced 
by a ridge of the new red sandstone, well-known to geologists as 
affording fossil foot-prints in great numbers and variety. 

In the year 1792, the Proprietors of the locks and canals on Con- 
necticut Biver were incorporated by the State of Massachusetts, for 
the purpose of making certain parts of the river navigable for boats 
and rafts. Within a few years after the passage of this Act, a canal 
about three miles in length, was made in Montague, around Turner's 
Falls; a considerable portion of the capital required having been 
furnished by Dutch capitalists. This investment gave profitable 
returns for many years, but the exhaustion of the timber in the upper 
parts of the valley, and the construction of railroads, led to its 
abandonment for navigation purposes. In 1866, the stock having 
passed into new hands, the name of the corporation was changed to 
the Turner's Falls Company, and they were authorized to increase 
their capital to $1,000,000; the object of the new company being to 
develop the vast water-power furnished by the Connecticut Biver at 
this point, and thereby build up a large manufacturing city. 

A dam had been maintained for many years by the old Navigation 
Company, but since the disuse of the canal, one-half of it had been 
carried away, and the remainder had become greatly dilapidated. 
The first work undertaken by the Turner's Falls Company, was to 
construct a new dam across the river, about twenty-three feet in height 
and nine hundred feet in length, of timber and stone. 

At the site of the dam the river is divided into two branches by a 
rocky island about forty feet high. The part of the old dam stiU 
remaining, was between this island and the Gill shore, diverting the 
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entire flow, in ordinary stages of the river, to the channel on the 
Montague side of the island. Advantage was taken of this to con- 
struct the dam on the Gill side, before doing anything on the Mon- 
tague sidi, the new dam being built a short distance below the old 
one. This part of the new dam was so constructed that the water 
could be turned through it, so as to enable the part on the Montague 
side to be built without making a coffer-dam high enough to turn the 
water over the top of the finished part of the dam on the Gill side. 
For this purpose, about two hundred feet in length was left about 
twelve feet below the level of the top of the finished part of the dam. 
To enable this opening to be built up when the dam on the Montague 
side was completed, large timbers were placed vertically from the toe 
of the dam, about eight feet (ipart, and supported by tie-rods, an- 
chored to the rock. While the dam on the Montague side was being 
built, it was designed that the whole flow of the river should pass 
between these timbers and through the opening in the dam ; and 
when the other part of the dam was completed, the flow through the 
opening should be stopped and the water turned over the top of the 
finished dam, by planking up the timbers put in for that purpose. 
During October, 1866, the cofier-dam on the Montague side was 
completed, and the entire flow of the river was diverted through the 
opening on the Gill side. On the 31st of that month, however, there 
was a freshet, which brought down trees and stumps, and broke away 
some rafts of timber intended for the new dam. These came against 
the vertical timbers, breaking them off, and the great volume of water 
rushing through the opening washed out the substructure of the dam, 
clean to the rock, for about one hundred and ten feet in width. On 
the subsidence of the freshet, work was resumed on the Montague 
side, the river flowing through the breach on the Gill side, and by 
the middle of December the dam on the Montague side was completed. 
And now came the interesting question, what was to be done with 
the breach in the dam ? If it was allowed to remain until another 
season, there was great reason to fear that the whole of the section 
on the Gill side of the island would be carried away when the ice 
broke up in the spring. On the other hand, to fill up the breach 
during the winter seemed to be scarcely practicable, the great dif- 
ficulty being to divert the flow of water from the breach. This could 
only be done by turning it over the top of the finished part of the 
dam ; but, in order to do this, the water must be raised twelve or fif- 
teen feet, by means of a coffer-dam, above the breach, directly in the 
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current. This coifer-dam must be built and the breach filled up be- 
fore the ice broke up in the spring, otherwise it was deemed certain 
that all that might be done would be carried away. The Connecticut 
river is subject to freshets at all seasons of the year. In the winter, 
a thaW of a few days will often break up the ice in some of the tribu- 
taries, carrying it into the main river, where it accumulates and sub- 
sequently freezes together, so that when a high freshet occurs in the 
main river, masses of ice, often exceeding ten feet in thickness, are 
carried down with the current. Such a freshet is looked for every 
year, in January or February, and and if one occurred before the 
breach could be filled, it would render useless all that might be done. 
Then there was the difficulty of doing any work, in the water, in a 
climate of such severity as that of Northern Massachusetts, to say 
nothing of the short days. However, the practical men who would 
have the work to do, were willing to attempt it, and felt confident 
that if they escaped a winter freshet, they could accomplish it. It 
was accordingly decided by the directors of the company to make the 
attempt. 

The coffer-dam* was devised by Mr. George W. Potter, of Green- 
field, Massachusetts, the agent of the company, and Mr. Alonzo P. 
Richardson, of Pishon's Ferry, Kennebec Co., Maine, the superinten- 
dent of the work. Plate YII. is a plan and section of the coffer-dam. o 
is the finished dam -on each side of the breach; D, the breach through 
which the entire volume of the river must continue to flow, until it 
could be turned over the finished parts of the dam. The flow of 
the river, while the work was in progress, is estimated as varying 
from about 5000 to 10,000 cubic feet per second, the depth of the 
water in the breach varying from 6 to 8 feet, and its velocity from 10 
to 12 feet per second, excepting during one freshet, to be noticed 
hereafter, when it was much greater, e, e, e, are cribs, built of 
timbers, about a foot square, taken from the remains of an old dam. 
These cribs were framed on the shore and floated to their places, 
being held in the current by strong guys ; when in the desired posi- 
tion, they were filled with stone, which gave them sufficient stability 
to retain their position without aid from the guys. These cribs 
rested on the rock, and after being placed and loaded, were built up 



* The term coffer-dam strictly means a dam formed of a double row of piling, 
with the space filled with a water-tight puddle ; latterly the term appears to be ap- 
plied to a dam of any construction for the purpose of enabling any work to be done 
under water. 
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to a uniform height, F F, (see the section in Plate VII.) which was above 
the level of the water, which flowed through the spaces between the 
cribs, and through the interstices in the wood and stone work. A 
platform of timber was then laid on top of the cribs, covering also 
the spaces between them ; on top of this platform was built a dam, o, 
sloping up stream 2*5 horizontal to 1 vertical, as represented in 
the section, the slope being planked, and the top of it being about 
3*5 feet above the top of the finished part of the dam ; making the 
whole height of the coffer-dam about twenty-five feet. The next 
thing was to stop the flow through the ten openings between the cribs; 
this was done by means of the plugs, Ii, H, n, which were framed to 
fit the spaces they were intended to close ; planked tight on their up- 
stream ends, and floated to their respective positions by means of 
guys. Great quantities of stone, brush and gravel were then thrown 
in on the upper side of the cribs, which stopped nearly all the leak- 
age and diverted the flow over the finished parts of the dam. 

The first crib was placed December 31, 1866, and the lAst on the 
16th of January following. The last plug was put in on the 1st of 
February. The remainder of February was occupied in tightening 
up with stone, brush and gravel. March 1st, the filling up of the 
breach in the main dam was commenced, and was completed on the 
22d of that month. Fortunately, there was no freshet suflScient to 
break up the ice in the main river while the work was in progress. 
February 11th, the water was high, being about six feet on the crest 
of the finished part of the dam, and about 2*5 feet above the 
top of the coffer-dam, doing, however, no material injury, further 
than to cause a suspension of the work for a few days. About seventy 
men were employed, and notwithstanding the extreme severity of the 
weather during January, the temperature, much of the time, being 
below zero, there was no unusual sickness among the men, and no life 
was lost, or any serious accident occurred. Two of the piers were 
lost while floating them to their places, by the breaking of the guys. 
Thus was happily completed a work remarkable for boldness and 
ingenuity of design, simplicity of means, and skill and courage in 
execution, under the most difficult and hazardous circumstances. The 
entire credit must be given to Messrs. Potter and Bichardson, who 
designed it, and, with the assistance of a gang of bardy and resolute 
men, executed it ; and to the Hon. Alvah Crocker, of Fitchburg, the 
President, and Wendell T. Davis, Esq., of Greenfield, the resident 
director of the company, who had the courage to proceed under such 
circumstances, and who brought out the full energies of their men by 
their conMence and eucouragemQut. 
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(Continued from page 193.) 

LECTURES ON VENTILATION. 

Delivered before the Franklin Institute, by L. W. Leeds, Esq. 

LECTURE II. 

As I stated at our last lecture, much interest is being awakened^ 
in this country and in Europe, by recent investigations showing the 
enormous numbers of untimely deaths that are caused throughout all 
classes of society by foul air. 

It would have been a startling announcement, ten years ago, to 
have stated that impure air caused as many deaths, and as much 
sickness, as all other causes combined, and yet the most diligent and 
accurate investigations are rapidly approaching that conclusion. 

Few really comprehend the immense pecuniary loss, saying nothing 
of the amount of suffering that we endure by this extra and easily 
preventible amount of sickness. 

I propose, this evening, to enter upon the consideration of one of 
the most important parts of our subject — the effect produced &y HEAT 
upon the movements of air. 

I think it probable that many of us do not comprehend the actual 
reality of the air. 

We are apt to say of a room that has no carpet or furniture in it, 
that it has nothing in it, while, if it is full of air, it has a great deal 
in it. 

A room between twenty-seven and twenty-eight feet square con- 
tains one ton of air — a real ton, just as heavy as a ton of coal. Now, 
there is not only twenty-seven feet, but more than twenty-seven 
miles of air piled on top of us. The pressure of the atmosphere at 
the level of the ocean is about fifteen pounds to the square inch. An 
ordinary sized man sustains a pressure of about fifteen tons, and 
were it not that this pressure is equal in all directions, we would be 
crushed thereby. 

We must accustom our minds, therefore, to consider air a real sub« 
stance, and that it is as totally unable to move itself, or of being 
moved, without potverj as water or coal. It requires just as much 

Vol. Lin. 23 
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power to move a ton of air from the cellar to the second story, as 
it does a ton of coal. 

Heat is the great moving power of air. Those whose attention 
has not been especially directed to the subject of the amount of power 
exerted by the sun*s rays upon the earth, have little conception of 
its magnitude. 

The power of all the horses in the world, added to the power of all 
the locomotives, and of all the immense steam engines in all the 
world, express but a small fraction of the power exerted by the sun's 
rays upon the earth. It is estimated to be sufficient to boil five cubic 
miles of ice-cold water every minute. 

His rays are the chosen power of the Creator for moving all matter 
upon the globe. It is his rays that lie buried in the vast coal fields 
beneath the earth. His rays cause every spear of grass to grow, 
rears the mighty oak, forms the rose, bursts its beautiful buds, and 
sends its perfume through the air. 

No bird warbles its sweet music in the air, no insect breathes, save 
by his power, and all animals love to bask in the genial glow of his 
light and heat. He rolls the scorching air of the tropics to frozen 
lands, wafts the ships across the seas. He forces the heated waters 
of the equator to the poles, tempering all the earth. He lifts the 
water from the sea to sprinkle all the land and cap the distant moun- 
tains with eternal snow. 

Now, let us examine a little more minutely how this influence ia 
exerted upon the air^ which is the subject we are especially interested 
in at present. 

Does it commence at the top, and heat it, layer by layer, until it 
reaches the bottom? Not at all ; but it passes through the whole 
forty-five miles of air, heating it very little, if any, and falls upon the 
solid substances at the earth's surface, heating them, which, in turn, 
heat the air by its individual particles coming in immediate contact 
with those solid hotter substances. 

We will endeavor to illustrate this in a crude way. 

Here we have a tin tube, A, fifteen feet long and ten inches in di- 
ameter, open at both ends ; two feet from one end we introduce this 
ascending pipe, B, the upper end of which is merely inserted in a 
small flue, extending to the top of the building. The height of this 
flue is sufficient to make a current of air pass through this tube, as 
you will see by holding this smoking taper at the far end. We will 
now place a large heated ball, c, at this end, and outside of that we 
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will place this reflector, D, pressing it quite close to the end of the 
tube, so that no air can enter here. 

The rays of heat from this ball, or from any other warm body, are 
thrown like rays of light, in every direction equally ; there would, 

Fig. 7. 
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therefore, be some of the rays thrown through this tube to the other 
end without any reflector, but the proportion that would reach the 
other end would, of course, be small. 

We therefore collect those going the other way, and change their 
course, and then send them straight through the tube to the far end. 

We will place another reflector, e, at the far end, to receive and 
concentrate those rays, in the focus of which we will place a candle, 
F, with a little phosphorus on it, to show you that the rays of heat 
are passing through. 

There you see the candle is lighted, thus proving that there is a 
strong current of radiant heat coming from the hot ball, through 
the tube to this end. And you see by this smoke that there is a cur- 
rent of air passing the other way. 

Now, we want to know how much that air is heated in passing the 
whole length of this tube against that shower of radiant heat, or 
whether air absorbs radiant heat at all ; but, before going to the other 
end, where the hot ball is, we will take two thermometers that have 
been lying here, side by side, and both indicate a temperature of 69®. 
One of them, c, we will hang at this end, about opposite to the centre 
of our tube, which, I think, will give us a fair average of the entering 
air, first removing, however, the candle that has been lighted, and 
the reflector. 

We will hang the other thermometer in the ascending tube, at the 
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end near the heated ball. We have had two glasses, H, inserted 
here, so we might observe what was going on within by the smoke 
from this taper. You see there is a strong current of air passing up 
the tube, all of which must come from the far end, flowing against 
the strong current of radiant heat going in the opposite direction. 
Now, leaving this thermometer to rise or fall according to the tem- 
perature of the air flowing through, we will go to the other end and 
examine another very interesting part of this experiment : it is the 
manner in which the radiant heat is received and appropriated by 
difierent substances. 

Radiant heat is thrown from a hot body in every direction equally, 
but no two kinds of substances receive those rays of heat in the same 
manner, nor do they make the same use of them after they have re- 
ceived them. 

Every substance receiving heat, however, must give a strict ac- 
count of it. It must give out an equal amount of heat, or, what is 
taken as an equivalent, some action or power. 

I have a sheet of ordinary tin, and as I hold this polished side be- 
hind this light, you see it throws a belt of light across the room, and 
as I put it in front of the end of our tube, and by turning it so the 
rays of heat will be reflected in your faces, 1 think some of you will 
be able to feel the reflected heat. The rays of heat are turned from 
their course, and thrown in a belt across the room, similar to the rays 
of light. 

But you cannot give away and keep the same thing. This bright 
polished surface appropriates but a very small portion of the radiant 
heat. A thermometer hanging for some minutes against the back 
has scarcely risen one degree ; but we have given the other side a 
coating of lamp black, with a little varnish, and by turning that side 
towards the pipe, the result will be quite difierent. By this coat of 
black varnish the whole character of the sheet of tin is changed. 
The black, however, has but little to do with it ; if it was white, or 
red, or blue, the formation of the surface being similar ia every re- 
spect, the result would be the same almost precisely. 

Instead of acting merely as a guide-post, to change the direetion 
only of the rays of heat, as before, it now becomes a receiving depot, 
absorbing nearly all the heat that comes to it. It must soon become 
filled, however. The thermometer hanging at the back has risen tax 
degrees already, and is going up rapidly ; it must soon begin to dis- 
tribute its extra stores. But mark the difierent manner of distri- 
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bnting the heat. Instead of reflecting the whole all in one direction, 
as when received on the other side, it now radiates them equally in 
every direction. 

Some solid substances allow the rays, both of heat and light, to 
pass directly through them without either reflecting or absorbing 
them. Other substances allow the rays of light to pass through them, 
but absorb much of the radiant heat, like clear glass. 

Rock salt is one of the best non-absobents of radiant heat, allow-> 
ing nearly the whole of the rays of heat to pass through unobstructed. 

We will now return to our experiment at the other end of the tube. 
I find there is something wrong here — the mercury in the ther- 
mometer has risen several degrees. I knew this was rather a crude 
arrangement for illustrating this very beautiful and interesting part 
of our subject, but I hoped it would assist me a little in conveying to 
you the idea I desired to impress upon your minds. 1 find, however, 
it is scarcely delicate enough to illustrate perfectly what I wanted 
to show. 

But this increased temperature is not owing to the effect of radiant 
beat on the air coming from the far end, but I find by the heat at the 
top of the pipe, between the heated ball and this ascending pipe, I, 
and by the current of heated air on the side next the ball, that there 
is a current of circvlating air that ha% been heated by coming in 
immediate contact with the hot ball. 

I designed this smaller tube, K, to carry off the air thus heated, but it 
appears to be too small. 

We ought to have had a piece of rock-salt to have closed the end 
of this tube, so that the radiant heat would have passed through 
without allowing any circulation of heated airy but I was unable to 
find such a piece. But Professor Tyndall, in his lectures before the 
Boyal Institute of Great Britain, gives the results of a large number 
of very accurate and beautiful experiments tried for the purpose of 
determining whether the forty-five miles of atmosphere surrounding 
the earth absorbed anf/ of the sun's rays, and if so, how much ? 

These experiments prove, in the most conclusive manner, that dry 
pure air is almost a perfect non-absorbent of radiant heat. Thus, were 
the air entirely dry and pure, the whole forty-five miles through 
which the sun's rays have to pass, would absorb a very small fraction 
thereof, so that in the length of our tube it would be but an exceed- 
ingly small fraction of one degree, that is, for pure dry air. 

But is the air of this room pure and dry ? Very far from it. 
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Professor Tyndall found that the moisture alone in the air of nn 
ordinary room, absorbed from fifty to seventy times as much of the 
radiant heat as the air does. Air and the elementary gases— oxygen, 
hydrogen and nitrogen — have no power of absorbing radiant heat, but 
the compound gases have a very different effect; for instance, olifiant 
gas absorbs 7950 times as much as air; ammonia, 7260; sulphurous 
acid, 8800 times. Perfumes, also, have a wonderful power of absorb- 
ing radiant heat. 

The moisture in the air, however, is of the greatest practical 
importance in various ways. It is the great governor or regulator 
or conservator of heat ; it absorbs it and carries it from point to 
point and into places where the direct rays of the sun could not get ; 
it is like a soft invisible blanket constantly wrapped around us, which 
protects us from too sudden heating or too sudden cooling. 

Professor Tyndall, speaking of the moisture in the air, says: ^'Re- 
garding the earth as a source of heat, no doubt at least ten per cent, 
of its heat is intercepted within ten feet of its surface." He also 
says: ''The removal for a single summer's night of the aqueous 
vapor from the atmosphere which covers England, would be attended 
by the destruction of every plant which a freezing temperature could 
kill. 

"In Sahara, where the soil is fire and the wind is flame, the re- 
frigeration is painful to bear." 

And in many of our furnace-heated houses, we have an atmosphere 
very similar in point of dryness to that of Sahara, but more impure. 
The foregoing remarks in regard to the impossibility of heating 
air, apply especially to radiant heat. Air does become heated, but 
in a different manner ; it is heated by each individual particle or atom 
coming in immediate contact with some hotter substance. See what 
a wonderful provision for creating a constant circulation of the air. 
The sun's rays pass through it without heating it, but heat the surface 
of the earth at the very bottom of the ocean of air ; these in their 
turn, heat the air by each individual atom coming in immediate con- 
tact with these hotter substances, expanding them so that they must 
rise, thus enabling the colder and heavier particles to rush in and 
take their places. With this great universal moving cause, in con- 
nection with the innumerable minor causes resulting from the very 
different absorbing, radiating and reflecting powers of various sab- 
stances, it becomes almost impossible for the air to be entirely and 
absolutely at rest, even in the most minute crack or cranny, or boltle 
corked air-tight. 
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Now, to apply these principles to every-day life, to the heating and 
ventilation of our houses, taking the open fire first, we find that acts 
like the sun, heating exclusively by direct radiation* The rays of 
heat fall upon the sides of the room, the floor and ceiling, and the 
solid substances in*the room which thus become partially heated, and 
in their turn become 9eco7idg.ry radiators. This radiant heat from 
the fire does not heat the air in the room at all, but the air becomes 
partially warmed by coming in immediate contact with the sides of 
the room, the furniture, &c. 

One great reason, therefore, why an open fire is so much more 
healthy than any other means of artificial heating, is because it more 
nearly imitates the action of the sun. 

The rays of heat fall upon our bodies, heating them, while it 
leaves the air cool, concentrated and invigorating for breathing. 
The bright glow of an open fire has a very cheering and animating 
efiect. It produces a very agreeable and healthy excitement. 

It is not improbable that future careful investigations may prove 
that there is an important change takes place in the electric or ozonic 
condition of air as it passes over, or in contact with, hot iron, which 
does not occur to the air of a room heated by the open fire. 

The air in a room heated by an open fire can scarcely become stag- 
nant, because that fire must necessarily be constantly drawing a con- 
siderable amount of air from the room to support combustion, the 
place of which will be supplied by other air, and here is where one 
of the greatest inconveniences arises in the use of the open fire ; if 
the air entering to supply this exhaustion comes in at a crack of the 
door or window, on the opposite side of the room, and that air is 
cold, say 10*^ or 15° above zero, it flows across the floor to the fire, 
chilling the feet and back of those sitting in its track. It is quite 
possible to roast a goose or round of beef in front of a fire, while the 
air flowing by it into the fire is freezing cold. This should be reme- 
died by having the air flowing in partially warmed before it enters. 
Bay to a temperature of 40*^ to 50°, either by having the halls over- 
flowed by partially warmed air, and opening a door into it, or by 
admitting the air to enter around the back of the fire-place, as Dr. 
Franklin arranged it. 

Thus, while an open fire is the healthiest known means of heating 
a small room, and should be in the family sitting-room of every 
house, and in offices and other places where the occupants are at 
liberty to move closer or further from the fire at pleasure, yet it is 
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entirely unsuitable for a large building, or for rooms where many 
persons are assembled, and have fixed seats, similar to a school, 
lecture-room, factory, &c. 

A stove in a room heats both by direct radiation and by heating 
the air that comes in immediate contact with it.* 

But our latest styles of elegant new |)atent gas-consuming air-tight 
stoves, require so small an amount of air to support combustion, that 
there is a strong probability of the occupants of a room thus heated 
smothering to death for want of fresh air, sooner or later, and gene- 
rally the former. 

A stove, if properly used, makes one of the most healthy and eco- 
nomical means of heating now known. There should always be a 
separate pipe for introducing the fresh air from the external atmos- 
phere, which fresh and cold air should be discharged on or near the 
top of the stove. And if this supply of fresh air is abundant, with 
a constant evaporation of moistare sufficient to compensate for the 
increased capacity therefore due to the additional heat given it, and 
an opening into a heated flue near the ceiling, to be opened in the 
evening when the gas-lights are burning, or when the room is too hot, 
and kept shut at all other times, with another opening into a heated 
flue on a level with the floor, which should be kept always open to 
carry off the cold, heavy foul air from the floor — a stove thus arranged 
for many small isolated rooms, makes one of the most economical as 
well as most comfortable and healthy means of heating at our com- 
mand. It combines the three great essentials necessary for comfort 
and health — warmth^ partially by direct radiation, fresh air and 
mouture. But neither the open fire nor the stove, as desirable as 
they may be in many small rooms, are suitable for large rooms, 
especially where many persons are assembled. Heating principally 
by circulating warmed air, or in combination with direct radiation 
from exposed pipes filled with steam or hot water, is in such cases 
more convenient. 

( To bo continued.) 



From thn London Enginocriug, No C4. 

HOW TO TAKE AWAY SHAKE IN SCREW STEAMERS. 

Wb all know that screw steamers usually shake very much at the 
eterny and all this shaking cannot be accomplished without a waste 
of power, while it greatly impairs the comfort of passengers in the 
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ship. It will be useful to state, therefore, what the cause of this 
shake is, and how it may be remedied. 

In the dynamometer applied to the Rattler^ at the first introduction 
of the screw-propeller, it was found that each time the two-bladed 
screw came in the line of the stern-post, the thrust was momentarily 
increased, from the circumstance of the dead water in the rear of the 
stern-post, into which the screw then came, moving with nearly the 
same velocity as the ship, and the screw consequently for the moment 
acted upon it with nearly its whole velocity of rotation instead of the 
difference in the velocity of the screw and ship. Now, although in 
modern ships the stern-post is made too thin to drag much dead water 
after it, the skin of the ship drags a film after it, which the screw 
encounters at a certain part of its rotation, and action analogous to 
that which took place in the Rattler is thus induced. The main cause 
of the shaking at the stern is the inadequate size of the orifice in the 
dead wood in which the screw revolves. The screw, in revolving, 
carries a thick coating of water with it ; and if the hole is only suf- 
ficiently large to allow the screw itself to revolve without this coating, 
it will follow that at each revolution the coating of water will be 
clipped over at the same time that this water strikes violently the 
sides of the dead wood and shakes the ship. One palliative is to en- 
large the hole ; another is to use a split screw, or two narrow screws, 
placed one immediately behind the other on the shaft, as in Man- 
gin's arrangement ; and the last and best is to carry the shaft through 
the rudder, and to allow the screw to revolve clear of everything, and 
astern of everything, at the extreme end of the ship. The rudder 
must, in such case, work in a frame, a boss in which will receive the 
end of the screw-pipe, and the screw itself will be overhung. The 
arrangement will be still easier if twin screws be employed ; and 
those screws should be sunk as deeply in the water as possible, as 
the deeper they are,the less likely they are to be raised out of the 
water, and the less slip there will be. 



GROUND BATTERIES* 

By Mr. A. Q. Ballanttne, Electrician. 

To the Members of the Franklin Institute. 

Gentlemen: The subject that I have the honor of submitting 
for your consideration this evening, I think, is one of very consider- 
able importance at the present stage of scientific research. Amongst 
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the various branches of the natural sciences, I have no doubt you 
will readily agree with me, that none has advanced so rapidly as that 
connected with electricity, that powerful and sublime agent which we 
perceive so impressively in the lightning and the thunder — that subtle 
and highly rarified element that pervades every atom of matter 
throughout our globe, and, in the twinkling of an eye, can send our 
thoughts to the utmost ends of the earth — deserves high appreciatiou, 
and untiring energy for its investigation. 

The many appliances to which the electric fluid has already been 
adapted, (some of the highest importance to civilization and the gen- 
eral welfare of the human race,) show plainly how much has been 
done, while much more is yet to be done before we can arrive at the 
limits of its usefulness and power. Instruments have been contrived 
for diverting it from its latent condition, and other instruments, of 
very delicate workmanship, have been so constructed for detecting its 
presence when disturbed, that we are able to use it in many of the 
arts. As a motive power, it has been made to sustain, and even pro- 
pel, many tons in weight. As an illuminating power, no artificial 
light ever yet discovered can equal it for brilliancy. As a chemical 
agent, nothing else in the laboratory can decompose an electrolyte, 
or, in other words, perform the various operations of analysis and 
synthesis so efiectually as an uniform current of electricity. 

For these different purposes, then, it is desirable that this fluid, 
or power, or principle, should be obtained with as little trouble and 
expense as possible, and to this particular end philosophers have 
directed their attention for many years. Professors of electrical 
science have propounded theories, and practical men have carried 
them out, as far as possible, in the construction of galvanic batteries, 
but, in my opinion, both have clung with too much tenacity to the 
original voltaic "pi'fe and crown of cupB,*' invented many years ago 
by Volta, the Italian philosopher, whose name they bear, and up to 
the present day we have scarcely been able to get over the copper 
and the zinc excited by acid or saline solutions. Nor do I think we 
will ever get over the many diflSculties with which we have to contend 
until w« throw open wide the portals of that extensive storehouse — 
the earthy for an unlimited supply of electricity. As the first step in 
this direction, I beg to lay before you my experience in the constmo- 
tion of ground batteries, for generating a permanent current of gal- 
vanic electricity, uniform in its action, and of very considerable power, 
especially for any purpose where quantity is required, such as eleo- 
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troplating or other decomposing operations. In every current of 
electricity, by whatever means it is produced, there are two peculi- 
arities — quantity and intensity. These properties have been very 
ably discussed by Professor Morton in one of his lectures last winter, 
80 that simply referring to the facts, that quantity is the actual 
amount of fluid produced, and intensity is the force with which that 
amount is passed through conductors, will be su£Scient for my present 
purpose. 

In 1846 I was in the employment of Mr. Alexander Bain, of Edin- 
burgh, in Scotland, and superintended the laying of his one-wire 
telegraph from that city to Glasgow, a distance of forty-eight miles. 
The principle of this telegraph was, that the earth acted as one of the 
conductors, and the single wire, insulated on tHe tops of poles, as the 
other conductor, the termini of this wire being connected to metallic 
plates, sunk two or three feet into the ground, forming a complete 
circuit. While we were investigating the best method of connecting 
the ends of this long single wire with the earth, we found that various 
substances, excited by the moisture of the earth, not only acted as sim- 
ple conductors, but generated a current of their own, contending 
slightly against a Smee*s Battery we had in the arrangement for act- 
ing on the instruments, so that ultimately, to avoid this, we put a 
metallic plate, of the same kind, to each end of the wire. 

Two or three years after this time, I had constructed a mechanical 
toy, in the fo^^m of an old man pumping water, to be worked by 
electro-magnetism, but one difiBculty I had to keep the old man con- 
stantly moving, was a permanent battery. I thought of our experi- 
ments with the telegraph, and sunk a plate of zinc and a plate of cop- 
per, about two feet square, into a deep hole in the yard, and placed 
about eight inches apart, the space between being filled up with 
damp earth, and covered over with pavement, as before, two wires 
insulated with cord steeped in tar being brought from the plates into 
the house. This arrangement kept the little figure moving for more 
than three years, indeed until we were leaving the house. At this time I 
was anxious to know the condition of the plates, and on removing them 
I found the zinc quite clean, and very little changed, but the copper 
was much corroded, and so brittle that I did not take the trouble of 
lifting it all up. 

The effects produced by the above observations led on to renewed 
efforts to obtain a permanent current of greater power. For this pur- 
pose I placed a basket of common coke (obtained at a gas works) 
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into a pond of water, with a plate of zinc in close proximity; a 
thick copper wire, No. 14, tied round a piece of the coke, and another 
piece of the same size soldered to the zinc. This arrangement acted 
with considerable power upon an electro-magnet, and with great uni- 
formity for several months. This last experiment terminated in such 
a way that led to the final and most eflScient method of constructing 
a permanent ground battery. The pond where the zinc and coke 
was deposited dried up during the summer, and left one-third of the 
two elements quite dry and exposed to the action of the atmosphere, 
while the other two-thirds of their surface remained buried in soft 
mud. I thought now that every trace of galvanic action must have 
ceased, but, to my astonishment, very little diminution of power had 
taken place. The apf)aratus I had for testing its power was a small 
electro-magnet, with its keeper fixed to the end of a lever, such as they 
use for weighing machines. By this simple arrangement the slightest 
difference of power can be detected. 

The most complete form of this battery for permanency and*uni- 
formity of action, I will now explain in the following manner: A 
hole about four or five feet deep may be sunk in the ground, either 
in a cellar or out of doors, and about six feet in diameter. Then a sheet 
of zinc, about ten feet long and two feet eight inches wide, is to be bent 
round in the form of a tub without a bottom, and placed in this hole, 
about one foot from the sides. It will require, also, five or six bushels 
of coke to fill up the spaces outside and inside of the circular sheet of 
zinc. The process of packing may now be proceeded with. jThis ope- 
ration requires the greatest care, so that no part of the zinc and coke 
can possibly come into contact with each other. The inside of the 
zinc cylinder is to be completely filled with coke, with a lair or stra- 
tum of damp earth placed between, about two inches in thickness. 
The same process is also to bo performed outside of the zinc cylinder, 
using the same caution not to allow the smallest particle of carbon to 
come in contact with the zinc. This operation must be performed 
either with the hand or a small trowel. Two long thick copper wires, 
about No. 14, is now to be connected with these elements; the ends 
of the wires must be well tinned with a soldering bolt, about six or 
eight inches from the joining to the coke and zinc. The best method 
of connecting the wire to the coke is, to take one of the largest pieces 
of the coke, and insert the point of the tinned wire into one of its 
crevices, and then pour a little melted lead, from ^ ladle, very slowly 
round the end of the wire. By doing this, the lead will make metallie 
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contact with the tinned wire, and also run into every little interstice 
of the coke and completely cement it to it. A piece of coke prepared 
in this way is to be placed amongst the coke, on each side of the 
ainc, and connected together a little way from it ; the wire making 
contact with the zinc may be soldered in the ordinary way. The two 
long wires must be perfectly insulated from their places of contact 
with the zinc and coke, both from each other and from the moisture 
of the surrounding earth. There are several ways of doing this, all 
equally efficient, but the one I adopted I consider the simplest, least 
expensive, and quite as successful as any of the other methods. 

Take two copper wires, long enough to reach to your laboratory, 
or other place or places of operation. Insulate with cotton, then coat 
them over separately with black Japan varnish, such as photographers 
use for backing their positive glass pictures. When this coating has 
become firm, which will require about half an hour, twist the wires 
together their whole length, not very closely, but sufficient to keep 
them from separating ; then give them another coating with the var- 
nish, and when that has hardened, another coating ; when, for greater 
security, a third may be applied. The conductors are now fit to be 
carried to any part of a building, always using pieces of leather or 
canvas where nails have to be used over walls or fences. 

If this line of wires is required to be put in any public place where 
danger might be apprehended, it would be advisable to put it through 
a length or two of iron gas-pipe, high enough to be out of the reach 
of any person who might injure it, by accident or otherwise. We will 
suppose now we have reached the apartment where this battery is to 
be used, — nothing more has to be done but fix the ends of the wires to 
two binding screws, made fast in some convenient place, where two 
short wires may at any time be connected to them. Branches may 
be carried in this manner to every room in a building, from the main 
wires, but only one pair can be used at the same time. The amount 
of electricity evolved by the apparatus just described is never less in 
intensity and much greater in quantity than one pint cell of Daniell's 
arrangement in good action, and very often greater than two pint 
cells, which is quite sufficient for the majority of purposes to which 
galvanic electricity is applied. If a much weaker current is required 
than this arrangement evolves, its progress can be impeded by using 
iron or platinum wire, of the desired thickness, in connection with the 
terminal screws. 

In conclusion, I would beg a few moments to make some remarks 
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upon the advantages of this batterj for many purposes. The whole 
subject of electrical science is much simpler and less complicated than 
many people suppose, and all we have to get thoroughly acquainted 
with is, that there are hut two currents that have ever been detected 
in any electrical, magnetic or galvanic series, and that these two cur- 
rents have but two properties — quantity/ and intensity. These two 
currents have had various names given to them, such as positive and 
negative, anode and cathode, zincode and platinode, &c. Positive 
and negative are not very appropriate terms, as we have a current 
each way ; anode and cathode, meaning the upward and downward 
way, is somewhat nearer ; zincode and platinode has reference only 
to those two metals, and consequently not so good. The words 
greater and less would express their character more truthfully than 
either of the above — or, to make the terms more euphonious, we might 
say major and minor currents. 

However, names are but secondary matters, so long as we under- 
stand what they mean. ♦ 

The quantity and intensity of these two currents produce such a 
variety of eflFects upon different elements, that the student often mis- 
takes their true character, and represents them as a variety of cur- 
rents, whereas it is, in reality, different degrees of intensity of the 
same current. In the construction of some of those electro-magnetic 
machines for medical purposes, it is stated, they can give out six dif- 
ferent currents. Now, from the nature and character of the electric 
fluid, it is simply an impossibility. Certainly, a machine may be con- 
structed so as, from from the primary coil, a current is induced into 
the secondary coil, and from the secondary again into a third, and so 
on ad infinitum; but what does all this mean ? It is only a different 
method of increasing the induced magnetic intensity. All this can 
be done by one secondary coil of greater length. Indeed, the tension 
of an induced magnetic current may bo increased until it becomee 
identical with statical or frictional electricity. This statement is am- 
ply proved by the Ruhmkorff coil. 

It has been stated by medical electricians, of the highest standing 
and undoubted authority, that a quantitative current passed through 
a primary coil, with just as much magnetic intensity as will pass it 
freely through the body, is the best form of application in disease. 
For this purpose, then, the Ground Battery is pre-eminently the besti 
on account of the extent of surface exposed and the quantity gene- 
rated. Intensity can be increased in many ways, but quantity re- 
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quires exposure of a large surface with.little excitement. This same 
rule holds good in the deposition of metals and all other decomposing 
operations. I have known one of those batteries depositing copper 
upon six vessels at the same time. There was a great demand for 
glass retorts, coated with copper, about ten years ago, in England^ 
amongst manufacturing and experimental chemists. Many of those 
vessels were prepared by Messrs. Edwards & Wharrie, of Liverpool, 
by the electrotype process. They first coated over the glass vessel 
with tin-foil, in the same manner as a Leyden jar, on the outside; 
then immersed it in a solution of sulphate of copper in connection with 
a ground battery. This was the best one of the kind I had seen, and 
the last time I heard of it, it had been six years in operation, and was 
then quite as good as when first put into the ground. One feature I 
might mention here about this battery that I cannot account for very 
clearly — that is, that it improves in action, nearly one-half, for tg|fo 
or three weeks after it is put into the earth, and then remains quite 
steady and uniform. Time has not given me an opportunity of testing 
the durability of these batteries, but I have never known one of them 
to stop acting, except one, and there were very good reasons for that. 
A gentleman of my acquaintance put one into the earth, and when it 
was filled up deluged the whole place with several bucketsful of a 
strong solution of salt in water. The result was a very powerful ac- 
tion at first, but gradually diminished, till, at the end of five or six 
months, a galvanometer could scarcely detect the slightest trace. No- 
thing but the moisture of the earth itself must be used, and good 
effects will be the consequence. 

Those who are interested in the progress of galvanic science, and 
have the means and opportunity of investigating this subject, would 
some day confer a lasting obligation upon the world in supplying a 
motive power, an illuminating power ^ and a decomposing power ^ at a 
mere nominal expense, and superior to anything ever yet invented or 
discovered. 

The above remarks are from my own observation and experience, 
so that I can guarantee their truthfulness, and with much pleasure 
hand them over to the members of the Franklin Institute, if thought 
worthy of their acceptance. 
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From the London Engineering, Nu. 04. 

BLACKWALL ROCK AND ITS LESSONS. 

There is a part of the river Thames, immediately above Blackwall 
Stairs, and below the entrance to the West India Docks, where an 
eddy of the stream accumulates a shoal through which some aggluti- 
nating springs rise that convert the sand into rock, which has occa- 
sionally to be blasted. In 1838, when the vessels of the Peninsular 
Steam Company sailed from Blackwall, this rock attracted Mr. 
Bourne's attention, as it incommoded the vessels with which he was 
then concerned ; and having observed the nature of the phenomenon, 
he saw that it might be artificially imitated with advantage in certain 
difficult engineering works, and he treasured up the recollection in 
his memory for future guidance. 

In 1847, Mr. Bourne went to India with Sir Macdonald Ste- 
phenson, as one of the engineers of the East India Railway, and * 
anfong the works which had to be constructed was a bridge over the 
river Soane, in length nearly equal to the Blackwall Railway, and 
with a foundation of quicksand as deep as borings had extended. 
Here it appeared to Mr. Bourne was a case for the application of the 
lesson he had learned from Blackwall, and he at once proposed to 
surmount the difficulty of foundations by converting the quicksand 
into rock to such an extent as would give the necessary stability to 
the superstructure. A hill of iron pyrites lay near at hand, and Mr. 
Bourne proposed to sink perforated pipes into the quicksand, and 
to inject into it through them a sufiicient quantity of iron water to 
stick together the whole mass. Here would be an artificial prodao- 
tion of rock, imitating its natural production at Blackwall. 

In 1848, the progress of the East India Railway was arrested by 
financial difficulties, and when the work was eventually resumed, the 
direction of the line was altered so as to proceed up the valley of the 
Ganges, instead of adopting the line of the trunk-road, as the Go- 
vernment commission had recommended. The Soane, consequentlyi 
was not crossed eventually at the place originally proposed, but much 
lower down, and the foundations were obtained by sinking wells in 
the way usually adopted in Indian works. As executed, the Soane 
Bridge is the longest bridge in the world, that of the St. Lawrence 
alone excepted, and it has been constructed by Mr. TurnbuU in a 
most efficient and successful manner, and constitutes a great monu- 
ment of his engineering ability. But the difficulties of the work 
would have been lessened and its cost reduced if the foundations had 
been laid upon artificial rock, as Mr. Bourne had some years before 
proposed. We have no doubt that this resource will hereafter be- 
come a valuable feature in engineering, as it enables us to reduce 
enormously the cost and difficulty of constructing secure foundations 
in treacherous ground. 
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COUNTERBALANCING RECIPROCATING ENGINES. 

By Fred. J. Slads, Civil Engineer. 

The perfect counterbalancing of the momentum of the recipro- 
cating parts of an engine in an horizontal direction^ is often a matter 
of considerable importance, especially when the engine is required to 
work at a high speed. It is seldom, however, that this is success- 
fully carried out, except in horizontal engines, from the fact that the 
manner in which it can be accomplished is not at first sight appa- 
rent. We propose, in the present article, to give a complete discus- 
sion of the elements involved in this problem, and to deduce a simple 
and direct method by which the horizontal momentum of any engine, 
inclined or vertical, as well as horizontal, may be properly counter- 
balanced. We have intimated already, that it is only with reference 
to an horizontal direction that the subject is to be considered, since, in 
general, it is supposed that an engine is so firmly secured as not to 
be influenced by a force acting in a vertical direction, while it is to 
prevent all tendency to horizontal swaying that the counterbalance 
is applied. 

Let us, in the first place, consider what it is that causes this ten- 
dency to motion in the direction of the centre line in an unbalanced 
engine. Disregarding, for the present, the effect of the connecting 
rod, we have the fact, that when the crank is at right angles with the 
centre line, the reciprocating parts are in motion with a maximum 
velocity. If uncontrolled by the crank-pin, they would, of course, 
continue to move forward in a straight line at the same velocity, and 
would oppose a resistance to any body tending to arrest their motion. 
Such a body is the crank-pin, and accordingly, during the last half 
of the stroke, a pressure is exerted upon that part, the amount of 
which will depend on the mass and velocity of the reciprocating, 
parts. Having brought the parts to rest, it is now necessary to set 
them in motion again in the opposite direction, and to do this will re- 
quire exactly as much work as was absorbed in arresting their pro- 
gress before. If, for simplicity's sake, we regard the crank-pin as 
the motor, which we may do without changing in the least any of the 
facts involved, we see that the pressure on that point while bringing 
the parts to rest, and that while starting them into motion, is contin- 
ually in the same direction, so that we have, during the whole of the 
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half revolution of the crank, from its position at right angles to the 
centre line, on one side, to the same position on the other side, a pres- 
sure exerted in the direction of the end of the stroke which lies in 
that half revolution. The same is, of course, equally true of both 
half revolutions of the crank from the dividing line at right angles 
to the centre line. The point which we wish to call attention to is, 
that it is not the velocity, but the change of velocity^ that gives rise 
to pressure, and which, therefore, needs to be counteracted. In the 
case of an engine in which the power is taken off from the shaft on 
the other side of the pillar-block from the crank, as is almost uni- 
versally the case, whatever pressure is applied to the crank-pin is 
transmitted directly to the pillow-block, and hence the effect of this 
alternating force arising from the changes in velocity of the recipro- 
cating parts, in producing a bodily motion of the whole engine. Now, 
to prevent this in an horizontal engine, we place a weight equal in 
magnitude to that of the reciprocating parts opposite to the crank- 
pin, and at an equal distance from the centre of the shaft; so that 
the changes produced in its velocity horizontally^ may at all times be 
equal to those occurring in the reciprocating parts, and therefore ex- 
actly neutralize their effect. As, however, this mass moves in a cir- 
cle, it exerts a pressure at right angles to the centre line at all 
points in its revolution, except when it coincides with that line ; bat 
as in this case this is a vertical force, we do not regard it. We re- 
solve the centrifugal force of the revolving weight into its two com- 
ponents, at right angles to and parallel with the centre line in this 
manner, because this gives us at once a key to all the effects pro- 
duced by the counterbalance weight. The component parallel with 
the centre line is exactly neutralized in its effects on the stability of 
the engine by the action of the reciprocating parts ; the other re- 
mains unaffected. We see already, therefore, that this method cf 
counterbalancing would not answer for an inclined or vertical engine, 
since this latter force would in these cases have a direction approxi- 
mating to the horizontal, and would therefore give rise to a motion 
exactly such as we wish to prevent. But before proceeding to ex- 
amine these cases, let us investigate the peculiar motion of the con- 
necting-rod, partaking as it does of both a reciprocating and a rotary 
motion, and see how this is to be provided for. It is evident that the 
end immediately at the crank-pin, will offer a resistance to any force 
or body which tends to vary its velocity in the direction at right 
angles to the centre line, in exactly the same manner as a body ce* 
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volving with the crank, or say the crank-pin itself, and this will, of 
course, in all directions of the centre line, horizontal or vertical, be 
perfectly counterbalanced by a weight placed opposite to it. Our 
first problem, then, is to ascertain what proportion of the weight of 
the rod is to be so allowed for. If we let a b, Fig. 1, represent tho 
connecting-rod, supposing it also stripped of all extra weight at either 
end, and considered merely as a plain bar, we may suppose it to be 



Fiff. 1. 




divided into any number of small or elementary masses, of equal 
magnitude, m, m, &c. It is evident that the velocity of each of these, 
when the rod coincides with the centre line, is proportional to its 
distance from the centre, A, and the amount of work stored up in each, 
being as the square of the velocity, will be represented by J wi^ X 0, 
Wj Oj*, m^ a%, &c. Now, in moving to the position, A B, in which they 
are at rest, in this direction each point passes through a distance 
proportioned to its distance from the centre, and consequently the 
resistance which it offers during this motion to the force tending to 

bring it to rest, will be represented by ^ ^ =^m ««» or, in other 

words, the pressure which it exerts will be proportional to the dis- 
tance from the centre, A. These pressures are all sustained by the 
crank-pin at one end, and the slides at the other, and the proportion 
of each, which either of these bears, is in the inverse ratio of the dis. 
tance of the moving masses from the sustaining point, or in the direct 
ratio of its distance from the opposite end of the rod. The pressure 
coming on the crank-pin, therefore, will be represented by JwigXC 
-\-m^a^ •\- m^a} '\- ... + iwnan*» or, as the sum of all the elementary 
masses into the squares of their distances from the point, A. Calling 
the distance, A B, unity, and the sum of all the masses \m^^ m^j &c., 
M, we shall have the sum of this series equal to ^ M. From this, we find 
that the pressure on the crank-pin in a direction at right angles to the 
centre line, resulting from the swing of a connecting-rod of uniform 
dimensions, would be the same as that of a mass of one-third the 
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weight of the rod situated at the crank-pin ; and if we add to this the 
weight of the extra metal in the end of the rod at the crank-pin, we 
shall have the amount of weight which will be necessary to counter- 
balance this motion of the connecting-rod, supposing it to be placed 
diametrically opposite the crank, and at the same distance from the 
centre of the shaft. 

We have observed that a part of the pressure thus generated in 
the connecting-rod comes upon the slides. The portion of the pres- 
sure exerted by each of the elementary masses, tti, so sustained, being 
proportional to its distance from the end, B, while the total amount 
of each such pressure is proportional to its distance from A, we shall 
have for the combined pressure of all the masses, tti, the sum of a 
series of the form, 

imnpXO+m{n — l)pk + m{n — 2)p J + ...if»(n — n)pJJ, in 
which p = the resistance offered by an elementary mass, m, moving 
at a unit's distance from the centre. A, n, such units making up the 
length of the rod. The sum of this series we find to be | M, or the 
pressure on the slides due to the changing momentum of the con- 
necting-rod will be equal to that which would be exerted on the 
crank, by a weight of one-sixth the magnitude of the plain part of 
the rod revolving with the velocity of the crank-pin. It is not ne- 
cessary, in this case, to make any addition for the extra weight of the 
ends of the rod, since at both these points the mass is inoperative to 
produce pressure on the slides, as is shown from the fact that the ex- 
treme terms of our series are both equal to zero. 

It is not possible to balance this part of the momentum of the 
connecting-rod by a weight applied to the shaft, since the opposing 
force so produced would not act in the same line with that which it 
would be required to counteract. It is, however, of little importance 
that we should do so, since, in comparison with the pressure coming 
on the same part from the force of the steam exerted through the in- 
clined rod, it is insignificant, and it is noticed here merely for the 
purpose of bringing all the acting forces before our minds. We have 
now found, then, that a weight equal to one-third the body of the 
connecting-rod (if it be one of uniform dimensions) and the whole of 
the extra weight at the crank-pin, must be placed diametrically oppo- 
site to the crank-pin, and at an equal distance from the centre of the 
shaft, whatever be the inclination of the engine. Thb being done, 
we will proceed to inquire what will be the position and magnitude 
of the mass required to counterbalance the directly reciprocating 
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parts, and the remaining two-thirds of the connecting-rod. Let c C, 
Fig. 2, represent the direction of the centre line of the engine 
making any angle, c ( E, with the horizontal, and A a mass equal to 
the weight of these parts, and exactly sufficient, therefore, if placed 
opposite to the crank-pin, to coun- 
terbalance their momentum in the 
direction c c. Let us represent the 
weight of this mass by the length 
of the radius ah. Now, the effect 
of the centrifugal force of the 
mass, A, placed as we have sup- 
posed, will be at all times neutral- 
ized in the direction parallel with 
the line c c by the motion of the 
reciprocating parts, but will, as 
we have already observed, exert 

an influence in a direction at right angles to that line, varying in amount 
according to the position of A, its intensity being proportional to the 
sine of the angle by which A is removed from the centre line. Its 
maximum effect, therefore, will be, when this angle is 90^, or when 
the weight is at c. We may resolve this force into two components, 
b d and c dy the one horizontal and the other vertical, and equal re- 
spectively to the sine and cosine of the angle which the centre line 
of the engine makes with the horizontal, and we now wish to neu- 
tralize this horizontal component. 

Draw the radius be in h vertical direction when the mass A is on 
the centre line. Now, if we place at the extremity of this radius a 
mass, B, equal to bd, we shall have no horizontal effect produced by 
it when A is on the centre line, but when A is at right angles to that 
line, B will be in an horizontal direction from the centre of the shaft, 
and will accordingly exert a force directly opposed and exactly equal 
to the horizontal component,'' 6 rf, of the centrifugal force of A, and 
we should accordingly have the momentum of all the parts perfectly 
counterbalanced in that direction. 

It now remains to combine the three weights which we have suc- 
cessively found necessary, and to find the position and magnitude of 
a single mass that shall exactly perform the duty of the three. To 
do this, lay off on the centre line the distance, b A, equal to the com- 
"bined weight of a and the mass that we first found for counterbal- 
ancing the swing of the connecting-rod ; on ( c lay off a distance, i fy 
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equal to the mass, B, and complete the parallelogram, hfg A. The 
diagonal, h g^ will represent the direction and magnitude of the re. 
suiting weight. Were it not for the effect of the weight necessary 
to counteract the change of momentum of the connecting-rod at 
right angles to the centre line, the position of this final weight would 
always be in an horizontal direction from the shaft when the engine 
was on centre, since the line, h g^ equal to the sine of the angle of 
inclination, would then fall from the point, a, situated on the circle; 
as it is, the required direction will always be somewhat nearer to the 
centre line. 

We have thus far supposed the counterweight to act in the same 
plane in which the reciprocating parts move. But as the weight it- 
self cannot be placed exactly in that plane, we must see how we can 
dispose it so as to produce the same effect as if so placed. If it is 
a crank-shaft engine, we can easily accomplish this by dividing the 
counterweight into two equal parts, and placing one on each side of 
the crank, equidistant along the shaft from the centre line of the en- 
gine ; or if, for particular reasons, this is not practicable, then we 
' must divide the weight into portions inversely proportional to the 
distance from the centre line, at which we are obliged to locate them. 
In the case of an overhung crank, we must proceed in a different yet 
similar manner. It will be necessary, in order to avoid the tendency 
to produce rotation that exists in the case of two opposite forces not 
acting in the same line, to provide a third force, and this we may do 
by placing a weight exactly opposed in direction to the counterweight, 
on the opposite side of the latter, from the centre line of the engine, 
and of a magnitude, as compared with that which we have already 
assigned to the counterweight, inversely as the ratio which its dis- 
tance from the position of the counterweight bears to that of the coun- 
terweight from the centre line measuring along the shaft, and the 
counterbalance weight must now be augmented by an amount equal 

to this second weight. 
^ ^^«- ^- The case of a double cyl- 

^^ ^ inder engine differs in no 

respect from those which 
we have already consid- 
ered, since each set of re- 
ciprocating parts is to be 
balanced separately, and 
the weights may then^be combined in the manner already illustrated. 
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This, then, is the proper manner in which to counterweight an en- 
gine of any description, horizontal, inclined or vertical. In the for- 
mer case, the weight, supposing it situated in the plane of the centre 
line, would fall opposite to the crank, and be equal in magnitude to 
the total weight of the reciprocating parts; in the latter it would be 
placed in the same position, but would only be equal to one-third 
the connecting-rod, as already determined. 

There remains yet one fact to be noticed in connection with this 
subject, viz : the effect of the connecting-rod in producing more rapid 
motion of the reciprocating parts when they are in the portion of 
their stroke farthest from the crank-shaft, than when in that nearest 
to it. With a rod six times the length of the crank, the maximum 
velocity is absorbed and re-imparted in the former portion of the re- 
volution, while the crank advances in the direction of the centre line 
through but five-sevenths the space through which it moves in the 
latter case, while the rate of motion when the crank is near the centre 
line is about forty per cent, greater on the one end than on the other. 
As the same amount of vis viva^ therefore, has to be absorbed and 
imparted by a less forward motion of the crank-pin, the pressure 
coming upon that point must be greater in the same proportion at 
one end and less at the other. The result of this is, that if the engine 
were balanced for the mean speed of the piston, the counterbalance 
weight would be too little when the piston was at the end of its 
stroke from the shaft, and too much when at the other end. In both 
cases, therefore, there would be a force acting to urge the engine 
bodily in the direction away from the shaft. But this pressure being 
always in one direction, would not give rise to vibration, except, per- 
haps, to a very limited extent, as its intensity varied at different por- 
tions of the stroke. It is evident that any increase or diminution of 
the counterbalance weight, would only tend to produce inequality in 
the effect of this force on the two strokes. The writer lately wit- 
nessed a beautiful illustration of the fact now referred to, in the work- 
ing of a high speed engine that was placed for trial on some planed 
iron surfaces, and not bolted down. After it had been running a few 
minutes, he observed that it had moved bodily backward several 
inches, and the present explanation thereupon suggested itself to him 
as the cause of the phenomenon. 

859 Oxford Road, Manchoster, England. 
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RITCHIE'S MODIFICATION OF THE HOLTZ MACHINE. 

Thb accompanying cat shows the arrangement of the HoUi Elec- 
trical Machine, devised b; £. S. Ritchie, of Boston. 




A strong plate of plate-gluss is fixed in a vertical position apon a 
mahogany frame, and sust&ins the bearing of one end of the revolv- 
ing shaft supported at its opposite end by a single pillar. 

The revolving thin plate is fixed in the usual manner apon its shaft, 
by a collar and binding nut of vulcanite, and is placed about one inch 
distant from the thick plate. 

Four holes are drilled through the thick plate at snitable distances 
from the centre, through which pass the stems of the rods with points 
or combn ; balls of metal or vulcanite screw against the opposite side 
and hold the combs firmly in place. These balls are connected with 
the discharging pillars. 

Four pairs of little pillars, or bolts, project from the sapporting 
plate, in a circle surrounding the revolving plate, made of vnloanite. 
Their outer ends are furnished with movable screw shooldera and 
nnta. Upon each pair is placed one of the glass aectora of the 
" Holts " machine ; or, on alternate pairs, the rubber sectors of the 
** Bertsch " arrangement. 

These pillars, (the middle oae removable ftt pleaanre,) with iliding 
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discharging rods, furnished with balls of different diameters and points, 
are connected by wires (covered by insulating material if desirable) 
to the balls of the combs. Any desired combination can easily be 
made. Either of the sectors or combs, with its connections can at 
pleasure be removedy or their distance to the revolving plate adjusted* 

The relative positions of the parts are held with great firmness. 

The presence of the stationary plate, near the revolving one, adds 
to its insulation, and in this way to the efiSciency of the machine. 
In other respects, the advantages sought are simplicity of construc- 
tion and stability of the parts. The insulation of the supporting plate, 
allows the discharges to be brought nearer the revolving plate, and 
avoids disturbing influences from one to the other, and allows the 
machine to be much more compact in form. 

We take upon ourselves the responsibility of publishing the follow- 
ing letter which Mr. Ritchie has sent us with permission to use ; but 
with the expression of doubts as to the wisdom of making it public, 
because of the many anamolies in this machine, and the interruption 
of his experiments, by reason of which they have been less numerous 
and extended than he could have wished. We regard the results 
reached, however, as so interesting, and the field so full of promise 
to all who may be led to cultivate it, that a little risk may well be 
run of having to modify some deduction in future. Mr. Ritchie's 
reputation in matters of electrical science, is, moreover, such as to 
enable him to correct himself with good grace, should any of his pre- 
sent conclusions require modification in future. 

Prof, Morton. 

Dear Sir: It is with some hesitation, that I send you the result 
of some experiments, made with view of determining the electrical 
condition of the different portions of the revolving plate of the Holtz 
machine ; but which experiments were interrupted before I had veri- 
fied the results as I wish to do. 

I removed the two upper sectors of my machine, leaving two at 
90° apart, thus leaving nearly three-fourths of the plate between the 
sectors on one side. From this portion I removed every conductor as 
far as possible; still, the machine, in action, is surrounded by %uch an 
atmosphere of electricity, that there is danger of being deceived in the 
results sought. 

I took proof planes of two and three inches diameter, with lac han- 
dles, to take the charge and bring to the gold leaf electrometer, stop- 
ping the plate suddenly, and applying the proof planes — sometimes to 
both sides and sometimes on one side, simultaneously, or alternately. 
They m general^ indicated opposite electricities and different intensity 
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in opposite sides of the plate; yet, in a large number of trials, made 
as nearly as possible in the same place relatively to the sectors, the 
results were so contradictory that nothing could be determined, — 
sometimes the one side was positive, sometimes negative. 

I then applied the proof plane on one side and a disc of metal of 
larger diameter to the opposite side in connection with the earth, 
thus leaving the electricity on the side of the proof plane free, and 
by repeating many times the experiment in the same place, on both 
sides, I was surprised to find both side» of the revolving plate of the 
same kind in all cases ; negative when the preceding sector had beeo 
excited positive. 

The two sides of the sectors, when removed, show also the same 
kind. 

The role of the papers upon the sectors is far from clear; they may 
be on either or both sides of the glass. On a number, made as nearly 
alike as possible, a few may act well; the varnish of some may be 
scratched even through the paper in all directions, and with slight 
loss of effect. Others may resist all excitation, but, by doubling a 
piece of tin-foil over the edge, may perform well. 

The paper may be left off entirely, and a piece of tin-foil doubled 
over the edge, as large on each side as the paper is usually made, 
retaining a card-point feeder^ without varnish, and yet this may do 
very well for at least one of the sectors where only a pair is used. 

The power of the instrument for evolving ozone is very great, and 
I have reason to caution those using the machine in a confused at- 
mosphere. 

Very respectfully, yours, 

E. S. BiTCHIB. 



From tho London Mechanics* Magaslne, January, 1887. 
(Gontinuod from page 263.) 

ON SOUNDING AND SENSITIVE FLAMES. 

By Profkssor Ttkdall. 

Anothbr flame is now before you. It issues from a bomert 
formed of ordinary gas-tubing by my assistant. The flame is 18 inches 
long, and smokes copiously. I sound the whistle ; the flame falls to 
a height of 9 inches, the smoke disappears, and the brilliancy of the 
flame is augmented. Here are two other flames, also issaing from 
burners formed by my assistant. The one of them is long, straight, 
and smoky ; the other is short, forked, and brilliant. Isoond the 
whistle; the long flame becomes short, forked, and brilliant; the 
forked flame becomes long and smoky. As regards, therefore, their 
response to the sonorous waves, the one of these flames is the ezict 
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oomplement of the other. Here are various flat flames, 10 inches high, 
and about 3 inches across at their widest part. They are purposely 
made forked flames. When the whistle sounds, the plane of each 
flame turns ninety degrees round, and continues in its new position 
as long as the whistle continues to sound. 

Here, again, is a flame of admirable steadiness and brilliancy, issu- 
ing from a single circular orifice in a common iron nipple. I whistle, 
clap my hand, strike the anvil, and produce other sounds, the flame 
is perfectly steady. Observe the gradual change from this apathy 
to sensitiveness. The flame is now 4 inches high. I make its height 
6 inches ; it is still indifferent. I make it 10 inches, a barely per- 
ceptible quiver responds to the whistle. I make it 14 inches high, 
and now it jumps briskly the moment the anvil is tapped or the 
whistle sounded. I augment the pressure, the flame is now 16 inches 
long, and you observe a quivering which annqunces that the flame is 
near roaring ; I increase the pressure ; it now roars, and shortens at 
the same time to a height of 8 inches. I diminish the pressure a lit- 
tle ; the flame is again 16 inches long, but it is on the point of roar- 
ing. It stands as it were on the brink of a precipice. The whistle 
pushes it over. Observe it shortens when the whistle sounds, exactly 
as it did when the pressure was in excess. The sonorous pulses, in 
fact, furnish the supplement of energy necessary to produce the roar 
and shorten the flame. This is the simple philosophy of aU these 
sensitive flames. 

The pitch of the note chosen to push the flame over the brink is 
not a matter of indifference. I have here a tuning-fork, which vi- 
brates 256 times in a second, emitting a clear and forcible note. It 
has no effect upon this flame. Here are three other forks, vibrating 
respectively 320, 384, and 512 times in a second. Not one of them 
produces the slightest impression upon the flame. But, besides their 
fundamental notes, these forks can be caused to sound a series of 
overnotes of very high pitch. I sound this series of notes : the vibra- 
tions are now 1600, 2000, 2400, and 3200 per second respectively. 
The flame jumps in response to each of these notes ; the response to 
the highest note of the series being the most prompt and energetic of 
all. To the tap of a hammer upon a board the flame responds ; but 
to the tap of the same hammer upon an anvil the response is much 
more brisk and animated. The reason is, that the clang of the anvil 
is rich in the higher tones to which the flame is most sensitive. Here, 
agAin, is an inverted bell, which I cause to sound by means of a fiddle- 
bow, producing a powerful tone. The flame is unmoved. I bring a 
half-penny into contact with the surface of the bell ; the consequent 
rattle contains the high notes to which the flame is sensitive. It in- 
stantly shortens, flutters, and roars when the coin touches the bell. 
Here is another flame 20 inches long. I take this flddle in my 
hand, and pass a bow over the three strings which emit the deepest 
notes. There is no response on the part of the flame. I sound the 
highest string : the jet instantly squats down to a tumultuous busby 
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flame, 8 inches long. I have here a small bell, the hammer of which 
is caused to descend by clockwork. I hold it at a distance of 20 
yards from the flame. The strokes follow each other in rhythmic 
succession, and at every stroke the flame falls from a height of 20 
inches to a height of 8 inches.* The rapidity with which sound is 
propagated through air is well illustrated by these experiments. 
There is no sensible interval between the stroke of the bell and the 
shortening of the flame. Some of these flames are of marvellous 
sensibility ; one such is at present burning before you. It is nearly 
20 inches long ; but the slightest tap on a distant anvil knocks it 
down to 8 inches. I shake this bunch of keys or these few copper 
coins in my hand ; the flame responds to every tinkle. I may stand 
at a distance of 20 yards from this flame ; the dropping of a sixpence 
from a height of a couple of inches into a hand already containing 
coin, knocks the flame ^own. I cannot walk across the floor without 
affecting the flame. The creaking of my boots sets it in violent com- 
motion. The crumpling of a bit of paper, or the rustle of a silk 
dress, does the same. It is startled by the plashing of a raindrop. 
I speak to the flame, repeating a few lines of poetry; the flame jumps 
at intervals, apparently picking certain sounds from my utterance to 
which it can respond, while it is unafiected by others. 

In our experiments, downstairs, we have called this the vowel 
flame, because the different vowel sounds aff'ect it differently. ^ Vowel 
sounds of the same pitch are known to be readily distinguishable. 
Their qualities or clang-tints are different, though they have a com- 
mon fundamental tone. They differ from each other through the ad- 
mixture of higher tones with the fundamental. It is the presence of 
these higher tones in diff*ercnt proportions that characterises the 
vowel sounds, and it is to these same tones, and not to the funda- 
mental one, that our flame is sensitive. I utter a loud and sonorous 
U, the flame remains steady ; I change the sound to 0, the flame 
quivers ; I sound E, and now the flame is affected strongly. I utter 
tne words booty boat and beat in succession. To the first there is no 
response ; to the second, the flame starts ; but by the third and fourth 
it is thrown into violent commotion; the sound Ah! is still more pow- 
erful. When the vowel sounds are analyzed their constituents are 
found to vary in accordance with the foregoing experiments ; those 
characterised by the sharpest overtones being the most powerful ex- 
citants of the flame. 

The flame is peculiarly sensitive to the utterance of the letter St If 
the most distant person in the room were to favor me with a *^ hiss," 
the flame would be instantly shivered into tumult. The utterance of 
the word ^' hush," or ^^puss," produces the same effect. This hiss- 
ing sound contains the precise elements that most forcibly affect the 
flame. The gas issues from its burner with a hiss, and an external 

* Tho bell was carried into the gallery of the theatre, and from that distance pro- 
daced iiiBtantaneously the same ^ect on tho flame. 
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sound of this character added to that of a gas-jet already on the point 
of roaring is equivalent to an augmentation of pressure on the issuing 
stream of gas. I hold in my hand a metal hox containing com- 
pressed air. I turn the cock for a moment, so as to allow a puif to 
escape — the flame instantly ducks down, not by any transfer of air 
from the box to the flame, for I stand at a distance which utterly 
excludes this idea ; it is the sound of the issuing air that afi'ects the 
flame. The hiss produced in one orifice precipitates the tumult at 
the other. 

[We may state for the information of readers who may wish to re- 
peat any of the interesting experiments described by Dr. Tyndall 
that the one thing necessary to their success is to have the gas deli- 
vered with a steady equable pressure. The lecturer made use of a 
small gasometer, and did not depend on the ordinary service pres- 
sure, which is liable to frequent fluctuations., — Ed. M. M.] 



THE ZENTMAYER LENS. 

In the Philadelphia Photographer for May, just received, wo find 
the report of a committee appointed by the Photographic Society, of 
this city, to make a thorough examination of this lens. 

We extract the important results embodied in this report without 
giving preliminary remarks and general explanations. 

" The first experiment was a trial between a 12-inch globe lens, and 
a Zentmayer of nearly the same focal length. 

" In precise terms the Zentmayer lens was 12 inches in focal length, 
the globe 12*94 inches. The stop used in the globe was ^Vo^^® ®^ 
an inch. That used in the Zentmayer was yVo^^^ ^^ ^^ inch, which 
were in the following proportions to the focal lengths: Globe,/, 
63-92; Zentmayer, 54-54." 

" The circles of light," (on the ground glass, Ed.,) "were found by 
measurement to be 22-8 inches. 

" The day was favorable, and an exposure of forty-five seconds was 
given to each plate. The negatives were equally well exposed. 

" In definition and evenness of illumination, there was manifest a 
decided superiority in the negative by the Zentmayer lens." 

(Though it is not mentioned in the report, we know from members 
of the committee that the focusing and exposure were both conducted 
with the same stop in the Zentmayer as well as in the globe lens. — Ed.) 

" The committee then made pictures with the Zentmayer lens of 
18 inches focal length on plates 18 by 24 inches." 
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The stop here used to expose was 3^5th of the focal length, a larger 
one being employed for focusing. 

" The result surpassed the expectations of all present. The instru- 
ment possesses all the qualifications which constitute excellence in a lens. 

^^ Upon careful examination no difference could be found between 
the visual and actinic focus." 

We have seen many pictures taken with these lenses, and can fully 
confirm the opinion expressed by the committee that ^^ all the quali- 
fications constituting excellence are possessed by this lens," and that 
it has a combined extent of angle, flatness of field and depth of focus 
possessed by no other existing combination. 

This lens was first exhibited in public, at the meeting of the Frank- 
lin Institute for June, 1866, when it was fully described in the Sec- 
retary's report, (see this Journal^ Vol. LII., page 63.) Our able 
contemporary, the British Journal of Photography ^ took, with refer- 
ence to this matter, the strange ground that the lens described must, 
on theoretical grounds, be inaccurate, especially with reference to 
want of coincidence in the chemical and luminous foci, and that, there- 
fore, such a lens could not possibly produce the effects stated. 

Such a priori assertion (we cannot call it reasoning) in opposition 
to fact, we did not consider it worth while to notice. We could well 
afford to wait until time and better knowledge should vindicate the 
truth. Overwhelming testimony at last appears to have convinced 
our critic that facts could not so easily be disposed of on theoretical 
grounds. He, however, still tries to force fact into accordance with his 
theory, and by new assumptions to depreciate the merits of this inven- 
tion which has the misfortune to operate in opposition to his judgment. 

In justice to the inventor we feel called upon to say, that all the 
new assumptions are as far from the fact as the first one, and that 
this lens is, beyond doubt, destined to achieve as wide a reputation 
as the world-renowned American globe lens, (which, as may be no- 
ticed in the report above, it excels,) and which, like it, was at first 
rediculed in the foreign press as an impossibility. 



FACTS AND FIGURES IN REGARD TO THE . 
PENNSYLVANIA RAILROAD. 

By J. M. Wilson, C.E., Principal Assistant Engineer P. RK. 

We submit to our readers the following interesting statistics far- 
lushed through the kindness of Mr. Wilson, from whom we aro pro- 
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mised some other valuable information concerning the new bridges 

on the same road. En. 

LENGTH OF MAIN LINE FBOM FniLA.DELPHIA TO FITTSBURGH, INCLUDING HABBIB« 

BURG AND LANCASTER RAILROAD via MOUNT JOT. 

I.— Track, 

Miles. Teathfl. 

From west end Market Street Bridge to Passenger Station, 

West Philadelphia. 2 

From Passenger Station, West Philadelphia, to Harrishurg... 105 5 

From Harrishurg to Pasfengcr Station, Pittshurgh 248 2 

From Passenger Station, Pittshurgh, to Duquesne Depot 9 

854 8 

Length of road via Columhia 858 7 

Distance from Passenger Station, West Philadelphia, to 
Passenger Station, Pittshurgh, via Mount Joy-— distance 

travelled, hy through passenger trains... 858 7 

Length of double track, Mainline 848 9 

Amount of double track yet to he Inid, to give continuous 

double track from Philadelphia to Pittshurgh 5 9 

Length of sidings on Main line 121 2 

BRANCH ROADS OWNED BT PENNSYLVANIA RAILROAD. 

Hollidayshurg Branch 7 6 

Indiana «» 19 

Delaware Extension 5 5 

Steubenville ** 1 2 



88 3 



ROADS LEASED BT PENNSTLVANIA RAILROAD. 



East Brandy wine and Wayncsburg 17 

Harrishurg and Lancaster 54 1 

MifiSin and Centre County 6 9 

Tyrone and Clearfield 28 5 

Bald Eagle Valley 51 2 

Ebensburg and Cresson 11 

Western Pennsylvania Railroad 68 7 

Philadelphia and Erie « 287 5 

514 9 

AMOUNT OF SINGLE TRACK OPERATED BT PENNSTLVANIA RAILROAD. 

Main line 729 8 

« sidings 121 2 

Branches, including sidings 608 9 

Total single track 1554 4 
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Which, if extended oat by shortest present railroad route, would 
reach from Philadelphia to fifty miles beyond Fort Kearney, N. T., 
or if laid as one continuous rail, would reach one-eighth around the 
world. 

The road had laid in track January 1st, 1867, over 2000 tons of 
steel rails, of which some 1500 tons are laid in main tracks, and the 
balance in sidings. About 250 tons are crucible steel, the balanbe 
are Bessemer steel. They are wearing remarkably well. At some 
points where the above rails have been in use, two or three sets of 
iron would have worn out, while the steel rails are yet in good con- 
dition. 

2. — Tunnels — Main Line, 

Thoro are oigbt tunnels in Main Line, of the following lengths: 
200, 900, 1200, 8612. (Alleghany Mountain,) 650, 800, 450 and 450 
feet. 

Total lineal feet of tunnelling, 7762 feet 

8. — Stations on Main Line, 

Passenger 86 

Freight 52 

4. — Engine Houses — Main Line, 

West Philadelphia — No. 1 21 engines capacity. 

" No. 2 44 " 

Columbia 20 " 

Harrisburg 44 ** 

Mifflin 15 " 

Altoona 80 «• 

" 26 •• 

it 44 i< 

Conemaugh 15 <* 

Pitteburgh 44 •» 

Miscellaneous points on road 11 '< 

Total 814 •« 

The Company is now putting up an engine house at Pittsburgh 
for 40 engines, and contemplates building one at Harrisburg for 44 
engines, which will give a total capacity of 896 engines. 

5. — Skcips — Main Line, 

There are eight principal shops on Main Line, comprising a total 
superficial area of buildings of over ten acres actually under roo^ 
exclusive of engine houses and all buildings, except 9kof9 propir. 
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6. — Bridpes — Main Line, 

Number of iron bridges, Main Line 141 

" wooden ** " 48 

" stone ** ** of 24 feet span and upwards, 17 

Total length of iron bridges 12,097 feet. 

** wooden " 8,696 ** 

The Company has now under construction and will bring into use 
this year, 1408 feet lineal of iron bridges. This will alter the above 
items, giving us 

Total length iron bridges 13,505 feet. 

«« wooden " 7,187 ** 

7.— Motive Power, January 1«^, 1867, exclusive of Philadelphia and Erie 
Railrocui. 

Passenger Engines 72 

Freight *« 230 

Switching " 87 

Constructing " 23 

Total 862 

8. — Passenger and Freight Equipment, Jan, Ist, 1867, exclusive of Philadelphia 
and Erie Railroad. 

Passenger Cars 147 

Emigrant " 44 

Baggage ** 43 

Mail ** 4 

Express *» 38 

Box " 2711 

Stock *« 995 

Gondola " 2072 

Coal '« 2204 

Oil « 60 

Total 8308 

9. — Mileage made hy Engines during 1866, exetusive of Philadelphia and Erie 
Railroad. 

Passenger Engines 1,775,472 

Freight and Switching Engines 5,804,554 

Constructing 273,240 

Total 7,863,266 

It will be noticed particularly, that items 2, 3, 4, 5 and 6 are for 
Main line only, and items 7, 8 and 9 do not include Philadelphia 
and Erie Railroad. If the engines and cars given in items 7 and 8 
were coupled together on one track, they would make a train nearly 
sixty miles long. The mileage given in item 9 is equivalent to that 
of one engine running nearly 296 times around the earth. 
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( Continued from page 284.) 

MAGIC LANTERN 

AS A MEANS OF DEMONSTRATION. 

Methods of Storing Gas Continued. 

Prof. Ogden Doremus, of New York, has for many years employed 
an arrangement which, as a fixture, has many features of conveni- 
ence, simplicity and eflBciency. 

The apparatus is indicated in outline by Fig. 7. In this, c D E rep- 
resents a large cylindrical vessel, of sheet-copper or iron, say of six 
feet in height and three feet in diameter, (which would give a capa- 



Fig. 7. 



city of about 330 gallons.) This has two open- 
ings above, one, a, for the escape of gas, the 
other, B, for the admission of water, which is 
received from a reservoir or tank, placed at a 
convenient height, to secure a sufficient and not 
too heavy pressure. An opening, d, below is 
arranged on the bird-fountain principle, so aa 
to allow a tube, delivering gas, to be introduced, 
and the water at the same time to pass oat into 
the exterior basin, c, from which it escapes by 
a discharge-pipe, H, and is carried oflF by ap- 
propriate conduits out of the building. The 
upper openings aro controlled by stop-cocks, 
this lower one is provided with a cap, as indi- 
cated, which is fastened with a screw clamp. 
To manipulate this apparatus, the opening D is closed, while A and B 
are opened, the water entering by B, and air escaping through A. When 
the cylinder has thus been filled with water, A and B are closed, the 
cap is removed from D, and the end of the tube which delivers gas, 
from the retort or other apparatus used to develop it, is introduced 
through D, and the gas is thus collected, the water escaping as it is 
displaced. When all the gas desired has thus been introduced, D is 
again closed b^ its cap, connections are made between A and the ap* 
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paratus to be employed, and the cock b being opened, the gag is ex- 
pelled as required, by the hydrostatic pressure of the water from the 
reservoir. A glass gauge is of great use with this apparatus, and 
may be easily attached by having two openings in the side of the 
cylinder, one near each end, (provided with stop-cocks in case of ac- 
cident,) and connecting them by a glass tube, the joints being made 
with short pieces of rubber hose. 

The dimensions stated above are very large, and are those of the 
two cylinders employed by Dr. Doremus, at the City College. At 
the Bellevue Medical College, the Doctor uses a smaller pair, and, 
of course, the size may be varied to suit all conditions. A moderate 
and regular head of water may also be obtained by the use of a small 
tank, with a ball-cock regulating its supply from the service-pipe ; 
while further, to obtain uniformity in pressure, the cylinder may be 
placed not vertically but horizontally. 

Grant^s Gas Reservoirs. 

The plan devised and carried out by Mr. Robert Grant, of New 
York, for storing gas, under heavy pressure, in strong iron cylinders, 
is one which, under certain conditions, possesses unparalleled advan- 
tages. The cylinders used are nine inches in diameter, of sheet iron 
one-sixteenth of an inch thick, and being about two and a half feet 
long, are closed by heads of J-inch iron, so corrugated as to give 
them additional strength, and are further secured by a stay-bolt, 
which occupies the axis of the cylinder. This bolt itself consists of 
a piece of ^-inch heavy gas pipe, and at one end terminates in the 
stop-cock, which consists of a conical steel plug, forced, by a fine- 
threaded screw, on its own shaft, into a brass or iron seat. In size 
and taper, this plug or valve much resembles the point of a pencil 
case. It makes a valve, which may be easily rendered absolutely 
tight, and opened with great delicacy of graduation ; a point of much 
importance with the high pressures employed, which, with any valve 
liable to be suddenly opened, would produce much such effects as 
are obtained with an air gun. 

These cylinders are charged with the gas by means of a powerful 
condensing pump, run by steam, and are capable of safely resisting 
a pressure of twenty to thirty atmospheres. Their weight is about 
twenty-six pounds, and capacity one cubic foot ; when fully charged, 
therefore, they will contain thirty cubic feet, or about two hundred 
and twenty-four gallons of gas, or about as much as seven pounds of 
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chlorate would yield, and as much as would fill between five and six 
30 by 40 inch gas bags to their good working capacity. The gas 
adds but a small weight, (about two aud a half pounds for oxygen, 
and half this for burning gas,) and a boy may thus move from place 
to place a quantity of gas which, stored in any other way, would fill 
a wagon. 

The merits of the system lie precisely in this, and are expressed 
in the words " ease of transportation." 

In some cases it is desirable to employ a regulator for the outflow 
of the gas, by which its pressure may be restrained within narrow 
limits, and at a moderate amount from first to last, in a connected 
apparatus. Such a regulator, of a very efficient character, has been 
devised by Mr. Grant, and consists of one of the conical valves men- 
tioned above, whose motion is controlled by a flexible diaphragm. One 
of these, which I have used for many months, operates in the most 
satisfactory manner. 



(Continued from page 282.) 

LECTURES ON ELECTRICITY AND LIGHT. 

Delivered before the Franklin Institute, by Prof. Hknby Mokton, Ph.D. 

Before the invention of improved instruments, (such as the Induc- 
tion Coil,) by which an almost unlimited quantity of electricity can 
be easily obtained, large machines were much valued by reason of 
the above properties, and when Winter, of Vienna, advertised at very 
moderate prices, machines which were warranted to give sparks of 
extraordinary length, much wonder was excited among all conver- 
sant with the subject, as to the means by which such results could be 
reached. 

Thus, he offered a machine capable of throwing a spark of two feet 
for $150, while that of Von Marum, before mentioned, gave no more 
than this and could not have cost much less than that of Mr. Ritchie, 
shown in our last number, and valued at (3000. In smaller machines. 
Winter's prices were equally remarkable. Thus, for $50, one was 
furnished capable of yielding sparks of from 12 to 14 inches ; and 
for $25 one of 7 to 9 inches spark length ; while, omitting other inter* 
mediate sizeSy the smallest, offered for $ix dollar$y gave spwrka of 2 
to 8 inches. 
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The reason of this anomaly soon oppears on view of these machines. 
They are not larger than those of a corresponding price furntshed by 



Fig. 8. 



other makers ; but they are all 
provided with a special contri- 
vance hy which their spark length 
is greatly increased. This con- 
trivance consists of a large ring 
of dry polished wood (see Fig. 8) 
containing within it a wire which 
extends down the upright by which I 
this is supported in the prime 
conductor, as shown in the cut. 
The prime conductor is in this 
case only a hollow ball. The 
diameter of the ring for the $25 
machine (which has a plate of 15 
inchea diameter) is two feet, and 
for the other machines in propor- 
tion. 

The stmctare of this machine 
is not, in other respects, remark- 
able. It is shown at Fig. 9 with- 
out the ring above described, 
which would be set by its stem in 
the prime conductor, a. 

The plate is supported on a 
glass axle, t, the rubber is sup- 
ported below on the glass upright, 
h, and terminates in silk flaps kept in place by nippers, p, when the 
machine is not in use. Two wooden rings, dd, provided with needle 
points on their interior surfaces, and coated in the same part with 
tin-foil, act as collectors. 

Two of these machines are used by Prof. R. E. Rogers, and yield 
excellent results. 

It is but fair to state that for some years before these machines of 
Winter's were announced, Mr. Trautwine, whose reputation as a civil 
engineer is so widely extended, had used a glass jar filled with metal 
foil as a means of adding length to the spark of an ordinary machine, 
which result it effects with great convenience and success. 




358 



EDUOATIONAL. 



A gltiss globo, internally silvered, such as is attached to their ma- 
chiQcs hj Mi'ssra. Queen k Co., of this city, is an effective and ele- 
gant mollification of the same principle. 

Fig- a. 




DeacriptioD of Parhetium Observatioa tX 6«rm«ntowti, OB page 211, a 
FOruary, 1867, and not February, 1669. 
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General Problems of Shades and Shadows. By S. Edward War- 
ren, C. E., Professor of descriptive geometry, &c., in the Renssa- 
laer Polytechnic Institute. Published by John Wiley & Son, New 
York. 

The work named above is one of great value to the practical drafts- 
man, engaged in the execution of mechanical drawings for machinery 
or engineering structures, where accuracy of detail is of the first im- 
portance, and where the correct delineation of a shadow may be quite 
impossible in many cases, without the knowledge which the study of 
this book will give him. 

To the architect, in an even greater degree, such a work will be 
of use, for with him the arrangement of his design must be in no 
small extent controlled by the effect which will be developed in the 
finished work by the ** shades and shadows," which it will project 
within itself. 

To the artist this will be of less importance, for it is the prerogative 
of his genius to convey the spirit of nature, not so much by accurate 
imitation, as by a poetic idealization of her forms. There is, how- 
ever, a large class of able artists to whom, nevertheless, the above 
work will be of great value, and what with those whom we have enume- 
rated, and others who might be added to the list, we should expect a 
pretty good demand for the work in question. 

When we first opened the book and found fifteen large plates, 
which, though not " beautiful," (being geometrical projections simply,) 
are very well and carefully engraved on stone, and are, in many 
cases, very complicated ; we were surprised to see that a publisher 
had been found so venturesome as to undertake such a work, but, on 
reading the preface, (the utmost which should be expected of a re- 
viewer,) the mystery was explained by the statement, that " this ex- 
pensive volume now appears through the kindness of students of the 
institute, in making up a liberal subscription in aid of its hitherto 
delayed publication." 

In fine, this work on Shades and Shadows is a descriptive, geome- 
trical treatise, explaining the methods to be pursued in projecting 
shadows of all kinds of objects, upon surfaces of all descriptions of 
curvature ; and knowing this, all who want such a work will know 
that also, and, moreover, where to get it. 



360 



METEOROLOGT OF PHILADELPHIA. 



A C0MPAIII8ON of some of thr Meteorological Phenomena of March, 1867, with 
those of MARrif, lHOr>, and of tfie same month for sixteen years, at Philadel- 
phia, Pa. Barometer tiO foot a]>ovc incun tide in the Delaware River. Latitude 
Mi^ iuY N ; Loiifritude 75° uy W. from Greenwich. By Professor J. A. 
KiRKPATRiCK, of tho Central High School. 



Thermometer — Highest — degree 

** date 

Warmest day — mean . . 

" " date 

Lowest— degree 

" date 

Coldest day — mean 

" " date 

Mean daily oscillation... 

•* ** range 

Means at 7 a. m 

•* 2 p. M 

<* Q p M 

** for the month.... 

Barometer — Highest — inches 

** date 

Greatest mean daily pressure 
" '* " date... 

Lowest — inches 

** date 

Least mean daily pressure... 
** ** ** date... 

Mean daily range 

Means at 7 A. m 

" 2 p. M 

" 9 p. M 

** for tho month 

Force of Vapor — Greatest — inches 

** date 

Least — inches 

" date 

Means at 7 A. M 

" 2 p. M 

" 9p. M 

" for tho month... 
Bolative Humidity — Greatest — per cent 

" date 

Least — per cent.... 

*« date 

Means at 7 a. m.... 

^ P. M , ... 

" 9 p.m.... 
** for the month 

Clouds — Number of clear days* 

** cloudy days 

Means of sky covered at 7 a. m 
cc .» (I 2p. M 

(( i« c( 9pm 

" ** for the month 
Rain and melted snow — Amount — inches 
No. of days on which rain or snow fell... 
Prevailing Winds— Times in 1000 
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for 16 years. 



72000 
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87-18 
45-43 
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16th. 
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10th, '56. 

11-50 
16th, '56. 
14-54 
6-14 
85-84 
46-51 
40-35 
40 90 
30-522 
8d, '52. 
30-450 
15th, '67. 
29158 
17th, '64. 

29-241 

22d, '65. 

0-194 

29-855 

29-800 

29-836 

29-830 

0-549 

18th, »59. 

•028 
6ih, '58. 
•165 
•179 
•181 
•175 
100-0 
Often. 
16-0 
Slst, '60. 
78-6 
58-8 
680 
65-1 
9-5 
216 
61-0 per ot 
684 
47-7 
67-4 
9-419 
11-8 



N58014'w294|ve6«8rw-M7 





♦ Sky ono-third or less covqtq^ «k\. V\vQ\io>xt% ot obMrration* 



JOURNAL 



or THS 



FEANKLIN INSTITUTE 

OF THB STATB OF PENNSYLVANIA, 

70B THE 

PROMOTION OF THE MECHANIC ARTS. 
Vol. LIII.] JUNE, 1867. [No. 6. 






tLditorial. 



"i^-^C» I 



dnt^inmintj §tmfi. 



Transmitting poorer ^rltii economy. — Methods of applying 
mechanical force which are not, on general principles, economical, may, 
notwithstanding, from special conditions involved in particular cases, 
be highly useful and practically thrifty. Such, for example, would 
seem to be the case with the various *^ hoists " in which hydraulic presses 
are caused to operate what we might call inverted ^^ mechanical pow- 
ers," and of which so many examples are now presenting themselves 
in the world of mechanical invention. In all these, a high velocity 
in the pumping engine is converted into a low one in the press, only to 
be again reconverted into a rapid movement in the application to the 
machine. This change implies a loss incurred in the various interme- 
diate machines; but the convenience of transmitting the power by this 
means, in certain cases, compensates for all. The power is, we may 
say, condensed for transportation, and expanded when it gets to its 
work. This is the very reverse of the method which has received the 
name of Teledynamic, (f^^< far off, 6u¥u/n^ power,) where the force 
is transmitted at high velocities by very light running parts. An ex- 
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ample of this last is furnished in the '^ traversing cranes" of the Lo- 
comotive Works at Crew, (noticed in this Journal, Vol. LXIX., page 
285,) driven hy light cotton cords, running sixty miles per hour. 

The same general principle is also about to be applied in some ap- 
paratus for the transmission of power from the engine-room to the 
hoists of the front premises of the Ledger Building, in this city, of 
irhich we hope, at a future time, to give a full account. 

In each of these systems there is a loss, — in one case incurred in the 
act of transmission, from friction and the resistance of the air at these 
high velocities, and in the other, from loss of effect in the machines 
employed to transmute velocities at either end of the line. 

In the cases, however, where an elastic fluid, such as air, is the 
transmitting medium, we have to add to the causes of loss last enume- 
rated, the very important one of the energy expended in developing 
heat by the first compression, which heat is but imperfectly, if at all, 
recovered and utilized. That such a plan should prove of value, there- 
fore, it is necessary that some especial adventitious benefit should be 
derived from the air employed, or the method must prove inferior to 
one of the others. In many cases of mining works, this may be de- 
rived frou) the supply of fresh air thus introduced. Such, no doubt, 
is the case in the Mont Cenis tunnel, where air, compressed by means 
of machines working on the principle of the hydraulic ram, is used 
to operate all the boring apparatus, while at the same time it provides 
thorough ventilation. 

We meet with another example in the operations lately brought to 
a successful conclusion in the Ballarat mining district. New Zealand, 
as we learn from the Mechanics* Magazine for March, page 131. 

At the mine of the Ballarat Tunnel Company, an engine has been 
erected at the mouth of the tunnel, for the purpose of compressing 
air, which is then carried into the interior of the mine, and employed 
at a convenient point to operate an engine, by which the lower work- 
ings are freed from water. 

The compressed air is carried a distance of three thousand feet 
into the mine. As the authority above cited informs us, notwith- 
standing the jacket of running water with which the condensing air- 
pump is supplied, the first few hundred feet of pipe are nearly as hot 
as steam-pipe, while, on the other hand, the escape-pipe from the air- 
engine within the mine, is bearded with icicles. This reveals a serious 
loss, and were it not for the accidental advantage derived from the 
fresh air so introduced, there can be little doubt that this node of 
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working would be found inferior in practical economy to other methods 
of transmitting power. 

Surflice condensers. — In a paper read before the English In- 
stitute of Naval Architects, by Robert Murray, C. E., we find some 
statements of great interest respecting the practical working of sur- 
face condensers, in connection with economy and the durability of 
boilers in marine engines. Referring our readers to page 865 of 
Engineering for full details, we may sum up the general conclusions 
as follows: 1st. The practical economy in the surface condenser de- 
pends essentially upon careful and moderate working of the engines^ 
(by which means a good vacuum may be maintained,) and upon the 
high value of fuel, as in long voyages, by reason of which this item 
is made to assume large proportions. It is shown that for short and 
rapid trips, the use of surface condensers does not effect a good re- 
sult ; while on long voyages, as with the Indian mail steamers, the 
reverse is apparent, great care and intelligent management being in- 
cluded in this case. 

2d. For the preservation of the boilers, it seems to be essential 
that a thin coating of scale should be produced and retained upon 
them. Failing this, the impurities introduced from the engine with 
the condensed steam, cause a very rapid corrosion and destruction of 
the plates. 

To secure this protective coating, the boilers are filled with sea- 
water, and the density is allowed to run up to ^^^ of salt, and is so 
maintained until a thin scale is deposited, after which the density is 
carefully adjusted to about that which is the natural condition of 
sea-water. A less density causes the re-solution of the scale, which, 
if removed, must be again deposited as above directed. 

Hydraulic whipping iiolst. — In the Journal above quoted, 
we find described, under the above title, a hoist in which an hydraulic 
press has for its plunger a hollow screw, with steep inside thread. 
This being prevented by guides from turning, gives a rotary motion 
to a long male screw fitting within it, and carrying a winding drum on 
its outer end, which is properly supported. The machine constructed 
by Messrs. Hayward, Tyler & Co., London, is simply another of those 
now numerous applications of an inverted ^^ Mechanical Power" ope- 
rated by an hydraulic press. 

Direct acting cranes, by M. Chretien, which seem to operate 
with great success, follow the above-mentioned general plan. Here 
a long steam cylinder forms the lower part of the jib, and its piston^ 
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rod, by separating a system of palleys, gives the required range of 
motion to the lifting chain. 

Tlie effect of sudden strains on bolts. — We learn from En- 
gineering that Major Palliser has developed some very remarkable facts 
in connection with the above subject, which may be readily demon- 
strated by very simple means. A light iron tripod is arranged, from 
the centre of which hangs an iron rod nearly to the floor. A 28- 
pound weight, with a hole in the middle, slides on this rod, to the lower 
end of which the bolt to be tested is screwed, with a large steel nut 
at its lower extremity. The weight being allowed to slide, or rather 
drop, down the rod, is arrested by the steel nut, and so communicates 
the shock to the bolt. With bolts three-eighths of an inch in diame- 
ter over the thread and two and a half inches long between the at- 
tached portions, two falk of the weight broke the bolt at the bottom 
of the first thread from the body, the body of the bolt having in this 
case the full diameter above given throughout. But where the diame- 
ter of the body was reduced to one-fourth of an inch, one-half of the 
former section being thus removed, the bolt bore ten blows, and then 
broke in the body, after stretching three-fourths of an inch, or about 
thirty per cent. 

Here we have the secret of the whole affair. The whole force was 
sustained, in the first case, in a single instant ; while in the second, 
the stretching distributed it over a greater time. 

Steel boilers are now coming pretty largely into use on the loco- 
motives of some French railways. Thus, twelve express engines of 
the Paris and Orleans Railroad are thus furnished, as also several on 
that of Paris and Sceaux, and on the Midi or Southern Railroad 
fifteen eight-coupled engines have steel boilers. The Orleans Com- 
pany now employs cast steel plates for the circular smoke-boxes of 
all their engines, new and old, steel being thus substituted for iron 
when repairs are made. 

Pumping enirlnes of tbe Harlam Ijake. — In the number of 
Engineering bearing date April 26th, we find a very interesting 
drawing and description of one of the engines used in draining the 
Harlam River. 

A full account of the topographical relations of the locality in ques- 
tion, and of the engineering works there constructed, will be found in 
the United States Patent Office Reports for the Department of Agri- 
culture, 1855, page 122. The chief peculiarity of the engines above 
noticed is, that they were made with two concentric cyliadenii tke oen- 



ENGINBERING ITEMS. 865 

• 

tral one having a circular, the space between an annular, piston. The 
central piston was connected by one, and the annular by four, piston* 
rods to the same massive cross-head, from which power was comma* 
nicated by means of walking beams, in one case to eleven, and in two 
others to eight, pumps. A constant vacuum was maintained below 
the annular piston. Steam being admitted beneath the central one, 
raised the mass of pistons, cross-head, counter weights, &c., in all 
about eighty-five tons, and by an hydraulic apparatus these are sup- 
ported at the summit of the stroke until the pump-valves have had 
time to adjust themselves, when the steam from below the piston is 
allowed by an equilibrium-valve to pass above it, and also over the 
annular piston, because the inner cylinder terminates one and a half 
inches short of the cover. The weights raised and the unbalanced 
pressure on the annular piston now effect the down stroke. 

The outer cylinder is twelve feet diameter, the inner seven feet, the 
stroke ten feet. The pumps are seventy-three inches diameter and 
ten foot stroke. The engine is calculated to raise sixty-six tons of 
water at each stroke. The entire amount of water removed in drain- 
ing the lake was, by calculation, eight hundred millions of tons. 

Models of tlie8uez€anal and Its constructtTe macbtnery. 
— In one of the auxiliary buildings of the Paris Exhibition are exhi- 
bited a complete set of models illustrating the above work. One large 
model shows not only the whole of the maritime canal, from the Medi- 
terranean Sea to Suez, but also the fresh water one, which, taken 
from the Nile at Cairo, runs first to Ismailia, and then in a line nearly 
parallel with the other to Suez, 

Models of various important parts, on a larger scale, are also shown, 
as well as very complete ones of the various machinery used in exca- 
vating and removing the material. One of these machines is some- 
what of a novelty, being a dredging machine, mounted on a truck, 
which runs on a broad tram-way beside the canal, and, excavating 
as it goes, throws over the material taken out into cars, which are 
run upon a parallel track at the other side of the tram-way. 

Tbe Pactflc Ratlway. — Three hundred tons of iron have ar- 
rived at Council Bluffs, for the use of the Union Pacific Railway, and 
eight hundred tons more are on the way. This road — following the 
Platte route — is expected to reach a distance of six hundred miles 
from the Missouri before the season closes. 

Tbe Interoceantc Railroad. — The Costa Rica Interoceanic 
Railroad Company has contracted with Colonel Edward McGovem, 
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of Pennsjlvanla, to superintend the survey of the ronte conceded to 
them by the Costa Rica government. Colonel McGovern was lately 
employed on the railroad between Vera Cruz and the city of Mexico. 

The new enterprise with which he has identified himself looks to 
the construction of a new railroad connecting the Atlantic and Pacific 
Oceans, having excellent harbors at its termini, and passing through 
a healthy, productive and populous region. 

The MtMOurt brtdire. — One hundred men are at work at the 
bridge now being erected across the Missouri Kiver at Kansas City, 
Missouri. 

Frencli Railnrays. — In 1866 there were in operation in France 
eight thousand six hundred and seventy-seven miles of railway, which 
is four hundred and twenty-six miles more than were in operation 
during 1865. The gross receipts of these railways, in 1865, were 
9112,450,000 in gold, and in 1866 9120,700,000 in gold. 

A tiventy-tncb irun was cast at the Fort Pitt Foundry, Pitts- 
burgh, recently. One hundred and forty thousand pounds (sev- 
enty tons) of the best Juniata iron were placed in three furnaces, the 
largest quantity in one being sixty-eight thousand pounds, and the 
remainder about equally divided between the other two. The fires 
were lighted at four and a half o'clock on Monday morning, and in 
three hours and a half afterwards the furnabes were tapped, and the 
molten metal began flowing through conduits at opposite sides into 
the mould, which was filled in twenty-seven minutes, during which 
time a stream of water passed in and out of the core barrel at the 
rate of twenty gallons per minute, the water increasing in temperature 
in ten minutes from sixty to one hundred and ten degrees, and in 
forty minutes to one hundred and twenty degrees. 

The casting was accomplished successfully, and without the slightest 
accident. The weight of the gun in the rough, when taken from the 
mould, will be about one hundred and forty thousand pounds, and 
when finished ninety-five thousand pounds; its greatest diameter 
ninety-four inches, at the muzzle thirty-eight by seventy inches; 
length, one hundred and eighty-nine inches ; bore, one hundred and 
fifty-seven inches. The gun is intended for navy service, and is con- 
siderably shorter than others of like calibre heretofore cast. When 
finished, it will be tested at the proving ground, for which a ball 
weighing one thousand pounds will be used ; also, nine charges of 
mammoth powder, the first three of sixty pounds each, the next three 
of eighty pounds, and the last three of one hundred poonda eadu 
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A larire enirine. — The largest and most powerful locomotive yet 
owned by the Camden and Amboy Railroad is now being built at the 
company's machine works, in Bordentown. It is a ten-wheel engine, 
having six drivers four and a half feet in diameter. The cylinder is 
seventeen inches in diameter, with a stroke of twenty-four inches. It 
will be finished in a short time. It is intended that it shall have suf- 
ficient strength to draw one hundred cars, laden with coal, in one train. 

Iron trade of GleTeland. — The magnitude of the iron trade 
of which Cleveland, Ohio, is the centre, may be seen from the fact 
that in one week three million one hundred and eight thousand pounds 
were received at, and one million four hundred and seventy thousand 
pounds were shipped from, that city. 

Enlargement of tbe Erie €anal* — A bill authorizing this en- 
largement has already passed the Senate and been referred to the 
House committee. It proposes to increase the depth of water to six 
feet, and to enlarge the locks to a length of one hundred and ten feet 
between gates, and a width of twenty feet, which will enable the canal 
to pass boats carrying from two hundred and twenty-five to two hun- 
dred and fifty tons. The expense of running boats of this size will 
be but little more than that of running boats of sixty-five tons burden, 
the present capacity of the canal. With this enlargement, the expense 
of transporting coal from the vast coal fields, to Erie, will not be more 
than one-half or one-third what it now is. The bill {provides for an 
equitable payment of all damages arising from this enlargement, un- 
der the provisions of the railroad law of 1859. 

Tbe Dismal Swamp Canal is being dredged and deepened. 
Its width is also to be increased from forty feet to sixty, and its locks 
extended twenty-five feet. When these improvements are completed 
it will accommodate ten times the present amount of business. 

Cleaning marble, &c. — A new process for cleaning the facades 
of public buildings and dwelling houses is now being experimented on 
in Paris. A steam engine supplies pipes of gutta-percha with a con- 
stant stream of the vapor. These are applied to the stone or the brick 
surface of buildings, one man directing the steam-jet and the other 
using a brush. The building, after the application of this system, 
looks as clean and new as when erected. A couple of men in three 
days will thus wash the fagade of a hotel at a great economy of time 
and money over the old mode of cleansing. 

Tbe new deposits of black band ore. — Nearly three thou- 
sand tons of black band iron ore have been shipped over the Mill 
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Creek Railroad since the discovery of this mineral in Schuylkill 
county. 

lArgre salt springs. — A vein of salt water was struck at Law- 
rence, Kansas, a few days ago, while boring for water for a woollen 
factory. The water yields one-half pound of salt to the gallon. At 
that yield, the business of manufacturing salt is considered profitable 
in that section. Arrangements are already made to commence the 
manufacture, and it is expected by fall one hundred barrels per day 
will be produced. 

American breecb-loaders. — Sweden has adopted an American 
breech-loader for the use of her armies. Austria, France and other 
great powers have rejected the American patterns on account of their 
cost, and the length of time required to adapt machinery for their 
construction, although their general superiority is freely acknowledged. 

Mecbanlcal ImproTements* — A French writer on America 
expresses his surprise at observing that, under certain conditions, a 
young man is known as *' the beau," however homely his appearance. 
It would seem, in like manner, that ^* attentions" addressed to the 
Patent Office entitles all things to the designation of ** improvements," 
however Itttle improving in their character. We thus find in one of 
our contemporaries ** improvements in rotary and reciprocating en- 
gines," which consist in placing within a cylinder a loaded piston, 
without piston-rod or other attachment, and, by pushing this with 
steam from end to end of the cylinder, which is mounted on trunions, 
causing this last to execute a system of summersaults as effective and 
useful as those of the toy known under the name of Chinese tumbler. 

Standard for bolts and nnts. — Plates have been prepared by 
Mr. Edward Lyman, of New Haven, Connecticut, containing exact 
working drawii^s of the various sizes of bolts and nuts, according to 
the system recommended by the Franklin Institute, in a resolution 
adopted December 15th, 1864, and now very generally followed in 
our largest workshops. Impressions from these plates, on sheets of 
strong paper, at a cost which is about one-eighth of that which would 
secure a similar drawing, are supplied to those desiring them, Messrs. 
J. W. Queen k Co., of this city, being the agents in charge of the 
sales for this State. The above system has been adopted by the 
government works, and will no doubt soon become universal. 

Tbe liOulsTllle bridgre, which is to span the Ohio at that plmoe, 
will be a grand structure. Its entire length will be about three thou- 
sand six hundred and fifty feet, with a pivot bridge Across tho oaaal of 
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two hundred and eighty feet. The exact location is not jet established ; 
but it will be between what is called the Elm Tree Garden and Rock 
Island. It will be reached bj a grade of about seventy-eight feet to 
the mile on each side, for the distance of nearly three hundred and 
fifty yards. There will be twelve spans of two hundred and fifty feet 
each, with one large span of four hundred feet across the Indiana 
chute. The bridge will have an elevation of ninety feet above low 
water mark, and forty-nine feet above high water mark. The super- 
structure, which will be entirely of iron, will be one hundred and fifty- 
two feet above the foundation, and thirty-two feet above the floor. 
The cost of the bridge will be but little over half as much as that of 
the suspension bridge at Cincinnati. The Louisville and Nashville 
and Jeffersonville Railroads have each $300,000 stock in it, and pri- 
vate parties have $400,000. Hands are now at work quarrying the 
stone for the bridge, and it is purposed to have it completed by the 
year 1870. The progress of the enterprise has perhaps been some- 
what retarded by the opposition of certain parties in that city, who 
claim it will be an injury to Louisville, because freight and passengers 
will pass through the city without paying their re-shipping duties to 
commission merchants, hotel keepers, etc. It is barely possible that 
the business of ^ certain class will be injured by it, but there is not 
the least doubt that the city will be amply compensated for such in- 
jury by the influx of trade from the other side of the river. 
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WonderHil Illustration of Tegetable grrowtli. — Mr. Ernest 
Baudrimont has made the following calculations with reference to a 
fungus, the Lycoperdon giganteum, which, in fourteen days from its 
appearance above the ground, had reached a globular development 
of three feet three inches in diameter, and a weight of nearly seven 
pounds. 

To obtain the carbon, found in its structure, from the atmosphere, 
this plant must have acted upon about 32,130 quarts of air per day, 
or about one pint per second. 

This whole plant is composed of minute celluleSi of which it must 



870 EDITORUL. 

have contained more than 14,500,000,000. To develop these in four- 
teen days, the plant roust, on the average, have produced them at the 
rate of twelve thousand per second. The idea is absolutely beyond 
the grasp of a finite intellect. Between two beats of a pendulum, 
twelve thousand organisms produced within the limits of a cubic yard. 

ReflecttniT telescopes, of glass, silvered by Liebig's process, 
have lately received, at the hands of the well-known optician, Mr. 
John Browning, a great practical development. Compared with re- 
fractors, the instruments now furnished possess the following advan- 
tages. They are half the length, of greater dividing power, quite 
free of chromatic aberration, more convenient in position to the ob- 
server, from one-fifth to one-tenth the cost. 

The silver surface, if tarnished, may be repolished by any one with 
a piece of soft leather; or if injured, can be replaced at a trifling ex- 
pense. 

Cbeap lecture dlagrrams. — Under the above head we find in one 
of our contemporaries a description of the following plan. A sheet of 
paper is stretched on a board and then coated with a mixture of glue, 
water, lamp-black and ground pumice-stone. On this, when dry, the 
drawing is made with chalk and colored crayon, and fixed by going 
over the lines with water spray from an atomiser. 

If a black ground is needed, this plan will no doubt prove satisfae- 
tory, but in all other cases we can recommend a far simpler one. If 
colors are required, draw on white paper with the wax crayons sold 
by the artist-stationers. We have for some time employed this plan, 
with great satisfaction, in the simpler description of diagrams, using 
for the more elaborate ordinary water colors. For mere black and 
white, the lithographic crayons used in drawing on stone make ex- 
cellent diagrams, as we have lately seen from some prepared by Dr. 
C. M. Cresson, for his own use. 

Multiple pbotograpbs. — To produce cheaply the small ambro- 
types on varnished tin, which have been and are yet extensively manu- 
factured, it is necessary to take, upon the same negative, many small 
repetitions of the same subject. This was formerly accomplished by 
using a camera with many lenses, and by exposing in this, in addition, 
different parts of the plate. This rendered the apparatus costly, the 
sitting long, and the manipulation difficult. A Mr. D. W. S. Rawson 
has removed these difficulties by a contrivance as ingenious as it is 
simple. He places opposite the sitter a box, filled with scraps of 
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looking-glass, each fastened to a block of wood, supported by a bent 
wire, Bs sbown in the cut, so as to 
be readily a^JUHtable. The ca- 
mera, of any ordinary kind, with 
a single tube, is directed to these 
mirrors, and their multiple im- 
ages are so taken. The account 
of this was first published in the 
Philadelphia Photographer for 

Mav, and we have since seen, at ^ 

the office of its editor, Mr. Wilson, •" "'"'I"'" *if| MHWHIIII | iilH' 

the apparatus and specimens of 

its work. The first strikes one by its simplicity, as does the second 
by its excellence. The error, due to double reflection from the two 
surfaces of the glass, is not appreciable. 

Hew metlioda far (lie preparation of Oxygen. — From Tari- 
ons publications lately made by the Abb6 Moigno, in his own Jour- 
nal Uh Monde; and in the Chemical Newt, for which he has lately 
become the regular Paris correspondent, we learn many iuteresting 
particuUrs in reference to the above subjects. Thus, in the first 
place, he informs us, that a company, under the name of Jose de 
Susini k Co., with a capital of $400,000, has been formed in Paris, for 
the manufacture of oxygen under the patent of M. Arohereau. This 
process, which we have before described, consists in the decomposition 
of sulphuric acid by beat, and the removal of the sulphurous acid 
by compression and consequent condensation, and by chemical ab- 
sorption, leaving the oxygen in a pure state. The sulphurous acid 
is to be reconverted into sulphuric, by the usual process of the leaden 
chambers. From twenty-four pounds of sulphuric acid, of a density 
60° Banm£, which is about the condition of that drawn from the 
leaden chambers before concentration, a cubic metre or 35-3 cubic 
feet (=two hundred and sixty gallons) of oxygen may be obtained. 
It is calculated that by burning the ordinary illuminating gas with 
oxygen on lime, the amount of illumination obtained with a given 
quantity of the former, is increased about eight-fold, as compared 
with its ordinary burning in the atmosphere ; while the increase in 
cost, by reason of the oxygen supplied by the process above, would be 
»bont four times, showing a gain of one hundred per cent. This cal- 
colatioQ we have modified from that of the Abb6, who allows but half a 
measure of oxygen to each measure of burning gas. This, we sup- 
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pose, must be an oversight, as we know, from actual experience, that 
illuminating gas requires practically an equal volume of oxygen for 
its thorough combustion. The practicability of the above plan on a 
commercial scale, as the Abb6 remarks, has yet to be proved, and the 
above correction of the previous estimate does not improve the pros- 
pect of profit in the enterprise. 

Another process, to which allusion has been made before, is that of 
M. M. Tes8i6 de Mothay and Marechier, of Metz. This consists in 
the superoxidation of the manganate of soda by a current of hot air, 
and the deoxidation of the permanganate so formed by a cnrrent of 
steam. Each two and a half pounds of the salt will yield at each 
treatment about eighteen gallons of oxygen, and there is no waste of 
material. An apparatus working on this principle, and capable of 
yielding about one hundred and seventy-five cubic feet, or thirteen 
hundred gallons of oxygen per day, is being put up, on the Champ de 
Mars, in a laboratory adjoining the lecture-room appropriated to the 
Abb6, where it will be employed, among other things, in furnishing 
gas for the illumination of that hall. The lamp employed in this 
case will be that of M. Carlevaris, of Genoa, in which a combined jet 
of illuminating gas, or of naptha vapor, with oxygen, is directed upon 
plates of magnesia and chloride of magnesium united. 

Another process may well be recalled in connection with these 
two, although it has, we think, been mentioned before. It con- 
sists in exposing subchloride of copper (Cu^Cl) to the air, until it 
absorbs oxygen enough to convert it into the oxychloride (Cu CI CuO), 
and again returning this to its original state, by the application of 
heat. This process, devised by M. Mallet, was lately introduced to 
the French Academy by M. Dumas. We observe, in the notices of 
patents, that protection for this process is in course of being secured 
by its inventor, in England. Many years ago a plan analogous to 
the second of those above, in which protoxide of barium (Ba O) was 
first oxidized by air and heat, and then reduced by steam, was pub- 
lished and commended, but seems to have passed into oblivion without 
any (at least recorded) trial of its merits. 

Arsenuretted bydroireii may be distinguished or separated 
from antimoniuretted hydrogen, by passing the suspected or mixed 
gas through a tube containing solid pieces of caustic potash. The an- 
timony, if present, will be here deposited as a brilliant metallic coat- 
ing, while the arsenuretted hydrogen will escape without deeompo- 
Ation. For further particulars see Chemieal New$f page 150. 
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nypoctalorlde of magnesia, fbr bleacblniTy possesses the 
following advantages over the corresponding salt of lime, when deli- 
cate tissues are to be treated : 1st. It decomposes more easily. 2d. 
The liberated magnesia has no action on the tissues. It is best pre- 
pared by decomposing sulphate of magnesia with hypochloride of 
lime. If manganese is present, the liquid loses its bleaching power, 
and acquires a red color. (See as above.) 

Extract of meat. — Some remarkable facts, not generally ap- 
preciated, seem to be developed by the evidence brought before the 
enb-committee on Food, of the Society of Arts. Thus it would ap- 
pear that extract of meat, even that prepared by Liebig's process, is 
less important as a nutritious body than as a means, like tea and cof- 
fee, of preventing waste in the tissues. The statement was made that 
^^ a teaspoonful of extract did not contain as much nutriment as a 
mouthful of meat." ^' But one-fifth to one-eighth of the solid constitu- 
ents of meat pass into the extract." The rest of the evidence, so far 
published, is to the same effect. The process of Professor Oamgee 
for preserving meat, in which the pickling process is conducted (it is 
said without pain) upon the living, or rather dying animal, is to be 
thoroughly tested before the same committee. See, for full account 
of the above, Cheinical Neuj%y page 161. 

PreserTatton of meat, by a process which bears much analogy 
to the Burnetizing of timber, is exhibited at the Paris *' Exposition," 
and is highly comipended by the Abb6 Moigno. It is devised by M. 
Frangois Cerio, of Turin, and is conducted as follows : The meat to 
be treated is, as soon as possible after killing, placed in a closed 
vessel, from which the air is exhausted by a pump. After this the 
brine is admitted by an appropriate tube, and allowed to remain in 
contact with the meat for a few minutes, which will suffice for a thor- 
ough action. The meat is then removed, and packed, or allowed to 
dry, as occasion may require. 

Artificial meerflcbaum, as we learn from M. Holdman, in the 
Chemical New9y is prepared by mixing one hundred parts of silicate 
of soda at 85^ (we presume a solution at 85^ Baum6) with sixty parts 
of carbonate of magnesia and eighty parts of native meerschaum, or 
of pure alumina. This mixture is carefully pulverized and finely 
sifted, boiled with water and put in porous moulds. 

Plaster of Parts, when mixed with alum, forms an excellent 
cement for use in the laboratory. This recipe is an old one, but good 
enough to bear recalling to mind. 
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Orrantc matter fn water, Its tett. — Professor FranUand, ia 
a lecture lately delivered before the Royal Institutioii| shows that 
permanganate of potash is anything but a satisfactory test of the 
amount of organic matter present in water. Thus, of seren organic 
bodies tried, the actual amount in each case being three grains, 
this test indicated, respectively, -082, -051, -114, -684, -064, -074 and 
*074 grains, or, in the best case, but about one-fifth of the true amount. 

A llgbtntng' flasb struck the light-house at Fecamp, creating great 
havoc, though the edifice was provided with a rod, carried into a cis- 
tern, thickly lined with Portland cement. The atmospheric electri- 
city of that locality evidently objects to entering anything like s 
Leyden jar, after the same has teen fully charged by its prerioos 
action. 

Alcobol from tile Jerusalem artlchaRe. — M. Dubrunfraut 
finds that the juice of these roots, properly fermented, yields eight to 
nine per cent, of concentrated alcohol. 

Ingots of Indium, at the Paris Exhibition, weighing about 
fifteen hundred grains,* and valued at about $3600, are exhibited by 
M. Richter, of Friburg, one of the companion discoverers of this 
element. 

Electric Instruments of reiristratlon. — ^We have received 
from Messrs. Edmonds and Hamblet, of Boston, a descriptive cata- 
logue of various instruments, a knowledge as to the existence of which 
may be useful to some of our readers. The first of these i» the 
electric uratcli clock, which records, with great precision as to 
time, the performance of various duties, such as those of the night 
watchman in a large establishment, those of a boiler tender in trying 
his gauge-cocks, and the like. It may be connected with every part 
of a large establishment, without the least risk of becoming inefllcient 
through change of temperature, or stretching of wires, as with the 
merely mechanical instruments of a like character. The battery 
being only intermittently in action, never requires attention more 
than once in six months. We next find the electric pendalnm 
l^uire, which records at any distance, either at stated times or at 
any moment, on application, the condition of a gas-holder, reservoir, 
or the like. Without attempting to explain the details of this apparatus^ 
which, without figures, it would be almost impossible to aecomplish, 
we may say, generally, that by depressing a key, either by the hand 
at any time, or by clock-work mechanism at $tated times, an eleetrio 
current is initiated^ which at the distant reservoir liberates and keqpt 
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in motion a pendulum, with which is connected machinery whose 
range of continued motion is limited bj the position of the gas-holder, 
the level of the water in a reservoir, or the like. The pendulum, 
therefore, makes more or fewer vibrations, according to the state of 
these recipients, and as each vibration makes and breaks circuit in 
the original current, this easily operates a recording apparatus at the 
other end of the line. Again, we find a sytem for plural tlAie 
dials, which possesses many points of originality and merit, and lastly, 
a mairiieto electric alpbabetlc telegraph, which requires no 
battery, the electric force being obtained from a magneto-electric 
machine, worked by the operator when he is using the instrument. 

Tbe Brooks insulator. — In the Telegrapher of April 15th we 
find, in full, a report made by Dr. G. M. Cresson to Wm. J. Phillips, 
Superintendent of Police and Fire Alarm Telegraphs, on various in- 
sulators submitted for examination. We have only space here for 
the general practical result, which may be well expressed by the fol- 
lowing extract: 

^' Repeated trials made upon the whole of the samples, side by side, 
exposed to a continuous shower of water, gave results as follows (the 
comparison being made in the consumption of zinc derived from actual 
trials, in the production of equal deflections of the astatic needle by 
battery power) : 

No. 1 (Wades*) over 85 

No. 2 (Lefferta'), •« 80 

No. 8 (glass and bracket), *« 80 

No. 4 (Brooks'), less than 1 

No. 5 (rubber-covered book), ** 28 

No. 6 (EnglUh), «« 16 

" From this it would appear that the wooden covering of Nos. 1 
and 2, actually took away from the insulating powers of the inclosed 
glass, which glass was very similar in form to No. 3. 

^^ A close examination of Nos. 3, 5 and 6, revealed a surface full of 
minute pores or cracks, capable of absorbing water and of retaining it. 

^^ The Brooks Insulator alone remained intact during all conditions, 
and it was assumed for the sake of comparison, that the deflection was 
1^, although the motion of the needle was too small to be read off on 
the scale ; whilst the insertion in the circuit of No. 1 caused a deflec- 
tion of over 45^ The success of the Brooks Insulator was entirely 
due to the use of paraffine, with which the glass and sulphur (in the 
different specimens presented for trial) were completely saturated. 
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filling up all the minute pores and crevices, and rendering the surface 
of the insulating medium repellant of water. 

^' The Brooks Insulator, constructed with an iron case with the wire 
hook secured into it by glass or sulphur, and the whole thoroughly 
saturated with para£Bne and provided with a shedding collar of porous 
earthenware, likewise saturated with para£Bne, seems to me to com- 
bine all of the requisites for complete success." 



OUR NEW YORK CORRESPONDENCE. 

New York, May 27, 1867. 

Despite the dullness that hangs over this great city, projects of 
considerable engineering interest are being discussed, which, if car- 
ried out, will make New York of more metropolitan greatness than 
ever, and a more worthy stopping place between the Continent and 
the Oriental East, when the boasted Pacific Railroad is completed. 
First and foremost is the problem of rapid transit from the suburbs 
to the heart of the city, and for this purpose numerous plans are pro- 
posed, some utterly absurd, some problematical and some really prac- 
tical — all, however, costly from necessity. The last Legislature, 
for some " wise purpose," refused to grant a franchise for any scheme, 
but graciously passed a bill to allow one applicant to build a half mile 
of experimental line, and if successful, to encircle the city with it. 
This is the West Side and Yonkers Elevated Railway Company, who 
expect, by middle of summer, to show what they can do. However, 
for the present, we will drop this interesting question until another 
writing, when I will endeavor to lay all the schemes before you, and 
devote my space to them alon^. I hardly know whether the East 
River Bridge is a fixed fact or not, for the holders of the franchise 
are interested in the long established ferry companies, the President 
of the Bridge Company being the counsel for this antagonistic inte- 
rest. However, be that as it may, a form of organization has been 
gone through, and the necessary committees appointed, with John A. 
Roebling as Chief Engineer. Surveys have been ordered, to deter- 
mine the best line of crossing, upon the completion of which subscribers 
to the stock may be advertised for. The charter gives unlimited time 
to finish the work, and a generous allotment for the commencement of 
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it. As far as I can learo, the plan in general will be of the suspen- 
sion class, with three sets of cables, carrying a platform properly 
stiffened, to accommodate the crossing of at least two hundred and 
fifty thousand persons daily. To do this, the platform would be 
broken up for two carriage-ways, thirteen feet each ; two car-ways, 
sixteen feet each ; and a foot walk, seven feet wide on either side. 
This would require four cables and in all about seventy-five feet of width. 
The height of platform above high water, at centre of bridge, would 
be about one hundred and thirty feet, grading down each way to only 
a hundred feet at the abutments. The cars for crossing are intended 
to be large and roomy, and to be operated by stationary engines and 
an endless belt or rope. Three minutes is the time estimated to be 
required from Main Street, Brooklyn, to City Hall, New York. 
It is expected that six millions of dollars, at farthest, will com- 
plete the work. Without going into a more critical examination of 
this plan, it would seem that the steep grade adopted would concen- 
trate all the tall-masted shipping in the centre of the river, and se- 
riously interfere with navigation. An interesting experiment upon 
block-tin water pipes came off in this city a few days ago. A great 
many efforts have been made to substitute some kind of piping for the 
injurious lead pipe, so long employed, but none have been crowned 
with such complete success as that made by drawing from tin encased 
with lead. The process is as follows : A solid cylinder of tin, weigh- 
ing, say, fifteen pounds, is bored of a certain diameter. It is then 
placed in a larger cylinder, having poured around it melted lead. A 
powerful hydraulic press forces it through a gauge, (just as in wire 
drawing, a steel rod forming, as it were, the core. The line of con- 
tact of the lead and tin is clearly defined, and the pipe is a very per- 
fect one. The following are the results of some of the experiments : 
An ordinary leaden pipe, one inch interior diameter, and weighing 
four pounds eleven ounces per foot, burst at pressure of one thousand 
pounds on gauge. A tin-coated pipe, of like capacity, but weighing 
only two pounds six ounces per foot, required eleven hundred and 
fifty pounds to burst it. A three-quarter inch lead pipe, weighing 
three and eight-tenths of a pound per foot, required a pressure of 
twelve hundred pounds before bursting. A tin-coated pipe of the 
same calibre brought the dynamometer up twelve hundred and seventy- 
five before bursting ; this last weighed only one and twelve-hundredths 
pounds per foot. About the same ratio was kept up with other sizes 
experimented upon^ showing a great saving in weight, with a com- 
VoL. LIU. 27 



878 EDITORIAL. 

xnensurate gain in strength. As no injorions chemical action takes 
place between water and the tin lining, we must hail this improve- 
ment in water-pipes as a long needed and beneficial one, which, when 
once well known, will meet with unbounded success. 

The Hudson River Railroad Company is erecting upon the site of 
St. John's Park a large fire-proof freight depot, in three stories. The 
building will cover an area of little over four acres, being four hun- 
dred and thirty-eight feet on Hudson and Vesey,and four hundred and 
five feet on Beach and Laight Streets, The area will be broken up by 
five double-track pitways, to accommodate the various freight lines 
converging upon this railroad. The lower floor will be, of course, 
devoted entirely to depot purposes, while the upper ones will be ar- 
ranged for required offices and storage rooms. Steam elevators will 
be located at intervals, to do all the hoisting for the warehouses. 
There will be a central area of about one hundred by one hundred and 
forty feet left by the warehouses, which run back but one hundred and 
fifty feet from each street. The present intention is to cover this 
area with glass and iron, but this, like a great many other projected 
features, is entirely at the mercy of the eccentric presiding genius of 
the company, and it will be a very difficult matter to tell how the build- 
ing will be, until completed. It has been decided, however, to make 
the elevated platforms russ pavements. 

In my next I will send diagrams, &c., illustrating one of the most 
marked improvements in locomotive boilers, for the more perfect con- 
sumption of gases. I am awaiting the results of some experiments, 
or you should have it at this writing. A. P. B. 



Encouraging views of American affairs are not often announced 
from the other side of the Atlantic ; but in the London JEconomist^ 
of a late date, we find an article of which the following extract is a 
fair sample. " The United States have still the best possible land, 
the best mines, the best things above ground, the best things under 
ground, and an educated Anglo-Saxon race to make use of all of 
them. Such means and materials for production, and such skill in 
making, the world has never seen together. In consequence, wealth 
is created faster than ever before, and the government can tax it 
much more readily." 
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FORMULAS AND TABLES FOR THE SHAFTING OF MILLS 

AND FACTORIES. 

By Jamks B. Fsancis, Civil Engineer. 

The following investigation was undertaken at the reqnest of 
General John G. Palfrey, the Agent of the Merrimack Manufactur- 
ing Company, of Lowell, Massachusetts, for the purpose of deter- 
mining the relative fitness of wrought iron and steel for the shafting 
of a cotton factory now erecting by that company. 

Samples of steel, all of American manufacture, were obtained 
from different makers, and, together with several samples of iron, 
were subjected to experiment. 

The constant expressing the resistance of cylindrical bars to torsion, 
I deduce from Navier's formula,* 



T= 



16 WR 



(1.) 



in which, 

T = a constant for the same material. 

w= the weight, in pounds, which, if applied at the distance R, in 
inches, from the axis, will just fracture the bar. 

TT = the ratio of the circumference of a circle to its diameter. 

(2= the diameter, in inches, of the bar at the place of fracture. 

The bars subjected to torsion, were finished in the form of the 
following diagram ; the ends being two inches square, and the 
middle turned down to a diameter of | inch, in order to insure the 
fracture taking place in that part of the bar. 




The weight producing the torsion was applied at the end of a 
lever, of the effective length of 35-976 inches, fitted to the square 
boss at one end of the bar. The tendency of the bar to revolve 



* Bo8um6 des Lcgons sur Tapplication de la mteanique. 
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nnder tbe action of the weight, was controlled h; a vorm-wlieel ahont 
fifteen inches in diameter and one hundred and thirty-eight teeth, 
fitted to the square boss at the other end of the bar. This wheel 
could be moved through any arc by means of a worm. As the bar 
became twisted b; the torsional strain, the worm-wheel was moved 
through BQ arc sufficient to bring the lerer to an horizontal position. 

A graduated circle on one face of the worm-wheel, furnished the 
means of measuring the arc of torsion. 

The effective weight of the lever and scale at S5'9T5 inches from 
the axis, where the scale was huog on a knife edge, was 48-5 pounds, 
and was the least effective weight which could be applied to produce 
torsion. 

■xpzBiuBifTs OS ToasiOH. 
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The experimenta on deflection were made on roDnd bars turned to 
K diameter of about one inch. The distance between the pointB of 
support was forty-eight inches. Observations were made of the 
deflections produced by a weight of one hundred and fifty pounds 
suspended at the middle point between the supports. This weight 
was not sufficient to cause any sensible set in the bar after the weight 
was removed ; and no sensible increase in the deflection was produced 
by allowing the weight to remain saspeitded on the bar for several days. 

The constant B for deflection, has been computed by Kavier's 
formula,* 

'-^h ■ ■ (2.) 

in which 

I = the distance between the points of support, in inches. 

w = the weight at the middle point bptween the supports, in ponnds. 

j: ^ the ratio of the circumference of a circle to its diameter. 

d ^= the diameter of the bar, in inches. 

8 = the deflection at the middle point between the supports, in 
inches. 
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* See the nunber of tkU Journal for Febnurf , 1S62. 
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Several Bpecimens of tbe steel have been tested for tensile strength, 
at the works of the Sonth Boston Iron Company, by Mr. F. Alger, 
in the apparatus designed by Major W. Wade, for testing metals for 
cannon, a description of which may be found in Reports of Experi- 
ment* on the Strength and other Propertiea of Metalt for Gannon, 
pablisbed in 1854, by anthority of the Secretary of War. 
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I find on record many experiments on the fractore of iron and 
steel by torsion, from which I deduce the following values of T; 
using the above formula for cylindrical bars, and Navier's formula, 

i=?!if;^" (s.) 

for square bars, in which fi=the side of the square in inches, and w 
and R the weight in pounds, producing fracture, and the distance 
from the axis in inches, at which it is applied. 

£XPIHIHXNT8 BT Reknii, given in the Philosophieal Trojuaetiont of the Royal 
SocUty,/arlBli. 

Bar of Bnglish wrought iroD, 0-26 inch aquM^, T = 65,982 

Bar of Swedish " 0-26 " T= 61,909 

Bar of shear steel, 0-26 " T = 111,191 

AT«Tage of 8 bars of iron cast borisontally, 0-26 in. iq., T = 64,776 
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£XP£RIMENTS given in the fifth edition of HasweWs Engineers* and Mechanics' 

Pocket Book. 

Bar of Ulster Iron Co.'s wrought iron, one inch diameter, T ^= 87,090 
Bar of Swedish " " " T = 93,905 

Experiments made at the Koyal Gun Factories, Woolwich, England, on many 
varieties of cast iron. Parliaynentary Document ordered to be printed July 
30, 1858. 

Experiments are given on fifty-one varieties of British cast iron, 
besides several varieties from other countries. I select the experi- 
ments on four varieties of British iron, viz: the strongest, two 
of medium strength, and the weakest ; each result being deduced 
from a mean of several experiments on bars about 1*8 inch ia 
diameter. 

From West Hallam Iron Works, Ilkeston T = 88,217 

** Netherton Iron Works T = 84,490 

" Butterley <* T = 83,949 

«* Hiematito Iron Company T = 22,182 

Experiments made at the Fort Pitt Foundry, in 1846, on bars of different forms 
and dimensions, of common foundry iron, given in Reports of Experiments^ 
^c, above cited. 

Bar about one inch square T = 86,846 

«' 1 -415 inch square T = 34,443 

" about 1-749 inch square T = 42,821 

<* 1«135 inch in diameter T = 37,445 

" 1-595 " " T = 42,047 

«« 1955 »» " T = 88,851 

Experiments made at the West Point Foundry, in 1851, on Greenwood iron of 
different grades, mixtures and fusions, given in Reports of Experiments^ «Sbc., 
above cited. 

Mean deduced from eighteen experiments on bars about 1-9 inches 
diameter T = 44,957 

The value of E, for wrought iron, I have previously deduced from 
English experiments, and tested by a single experiment on a shaft 
two inches in diameter and about 180 inches between bearings.* 
From these experiments I find E = 3,492,539 

There being such great irregularities in the values of T, it will 
not be safe, in practice, to take a mean value, but one near the 
lowest value. 



* See the number of this Journal for February, 1862. 
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The values for wrought iron vary from 49,148 to 93,966. For safety, 
I take for wrought iron , T = 50,000 

The values for steel vary from 76,392 to 111,191. For safety, I take 
for steel T = 80,000 

The values for cast iron vary from 22,132 to 64,776. For safety, I 
take for cast iron T = 30,000 

I also take for wrought iron E = 3,500,000 

And for untempered st^jel. E = 3,800,000 

Shafts for transmitting power, are subject to two forces, viz: 
transverse strain and torsion. In shafts of wrought iron or steel, in 
which the bearings are not very near to each other, a transverse 
strain, too small to cause fracture, will produce sensible deflection ; 
if this is too great, it will produce sensible irregularities in the 
motion, and tend towards the rapid destruction of the shaft and its 
bearings. This limits the distance between the bearings, as the 
weight of the shaft itself will produce an inadmissible amount of 
deflection whenever this distance exceeds a certain amount, which 
varies with the material and diameter of the shaft. 

The deflection of a cylindrical shaft from its own weight, supported 
at each end, but disconnected from other shafts, is given by the for- 
mula (4), which is deduced from Navier's formula for the deflection 
of a cylindrical bar. See Journal of the Franklin InstitiUe for 
February^ 18G2. 

5=0007318,^,-, (4.) 

If the several parts are so connected as to be equivalent to one 
continuous shaft, it will correspond to the case of a beam fixed at 
both ends, for which case Barlow"" gives i equal to two-thirds of its 
value in the case of a beam supported at both ends, given by formula 
(4). Navierf, taking into account the effect of the deflection in the 
adjacent divisions, finds d equal to one-fourth of its value by formula 
(4). In order to decide which of these eminent authorities to follow, 
I have appealed to experiment. 

Experiment 1. A bar of wrought iron purchased as '^English 
refined," 12 feet 21 inches long, 0-367 inch deep, 1*535 inch 
wide, was supported at four equidistant points, four feet apart. 
When loaded at the middle points of each division with fifty-two 
pounds, the deflection in the middle division was 0*069 inch, and the 

* Report of the third meeting of the British Association for the Advanoement 
of Science, 
f Bteuino des legons sur I'appUcation de la mScanique. 
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iDcan deflection in the other two divisions was 0-371 inch. The 
weight on the middle division was then increased until the deflection 
was alike^ via: 0*281 inch in each division ; the weight being 82*84 
pounds in the middle division, and 52*00 pounds in each of the other 
divisions. Four feet was then cut ofi" of each end of the bar, when 
the deflection, with 82'84 pounds on the middle division, was 1*102 
inch. 

Experiment 2. A bar of iron of the same quality and length as in 
experiment 1, 0*551 inch square, was laid on the same supports. 
When loaded at the middle points of each division with fifty-two 
pounds, the deflection in the middle division was 0*058 inch, and the 
mean deflection in the other two divisions was 0*314 inch. The 
weight on the middle division was then increased until the deflection 
was 241 inch in each division ; the weight being 82*84 pounds in 
the middle division, and 52*00 pounds in each of the other divisions. 
Four feet was then cut off* of each end of the bar, when the deflec- 
tion, with 82*84 pounds on the middle division, was 0*984 inch. 

In the case in which the deflections were alike in the three 
divisions, the middle division corresponds to the case of a continuous 
shaft supported by numerous equidistant bearings, and the case 
where the bar was reduced in length, corresponds to that in formula 
(4). Comparing the deflections in the two cases in the above experi- 
ments, we find by experiment 1, that the ratio of the deflection of 
the shaft, simply supported at each end, to that of the continuous 
shaft, is as 1 to 0*255. In experiment 2, the corresponding ratio is 
as 1 to 0*245 ; the mean of the two experiments giving a ratio of 1 
to 0*25,* which agrees with Navicr, and we must adopt for the 
deflection of a continuous shaft, from its own weight, the formula 

5=iX 0*007318-^, .... (5.) 

The greatest admissible value of d in proportion to the length, must 
be determined by experience. Tredgold assumes that for cast iron, 
it might be 0*01 inch for each foot in length, or jj'^^ part of the 



* These experimenU indicate the effect of connecting the chords of truss bridges 
over the piers. Assuming that in a bridge of not less than three equal spans, the 
top and bottom chords hav« equal resisting powers, and the whole length of the 
bridge is uniformly loaded, if the chords are continuous throughout the whole 
length of the bridge, the deflection of any span, except the end spans, will be one 
quarter of the amount that it would be if the chords were disconnected at the 
piers. 
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length, whatever may he the diameter ; but the transverse strain to 
produce this deflection, is a greater fraction of the transverse strain 
that will produce fracture in a large shaft than in a small one. The 
maximum strains of extension and compression in a shaft, for the 
same deflection, are in proportion to the diameter, while the deflec- 
tion itself, from the weight of the shaft, is inversely as the square of 
the diameter; consequently, the deflection to produce the same 
maximum strains, must be inversely as the diameter. 

Adopting this principle and the assumption that a shaft of wrought 
iron or untempered steel two inches in diameter, may deflect from its 
own weight, O'Ol inch per foot in length between the bearings, we 
may determine the greatest admissible distances between the bear- 
ings of shafts of other diameters, as follows : 

The greatest admissible deflection for any diameter d, is 



d= 



vm-'-''^'' 'd^ 



(6.) 



Substituting this value of d in (5) and reducing, we have 



(7.) 



Tadle of the (jreafcst admissihl-e dlHtances between iJie hearings of continuous 
shafts^ subject to no transverse strain except from their oio?i weights ; computed 
by formula (7). 



DIAMETER OF SHAFT, IN INCHES, 



Distance between bearings, 
in feet. 



1.. 

2.. 

8.. 

4.. 

6.. 

6.. 

7.. 

8.., 

9... 
10... 
11... 
12.., 



If of 
wrought iron 



If of steel 



12-27 


12-61 


16-46 


15-89 


17-70 


18-19 


19 48 


2002 


20-99 


21-57 


22-30 


22-92 


23-48 


2413 


24-55 


25-23 


26-53 


26-24 


26-44 


27-18 


27-30 


2805 


2810 


28-88 



In practice, long shafts are scarcely ever entirely free from ^ans- 
Terse strains ; however, in the parts of long lines which have no 
pulleys or gears, with the couplings near the bearings, the mterfBl 
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between the bearings may approach the distances given in the pre- 
ceding table. Near the extremities of a line, the distances between 
the bearings should be less than are given in the table. The last 
space should not exceed sixty per cent, of the distance there given, 
the deflection in that space being much greater than in other parts of 
the line. In shafts moving with high velocities, it will usually be 
necessary to shorten the distances between the bearings, as given in 
the tabk, in order to obtain sufficient bearing surface to prevent 
heating. 

In factories and workshops, power is usually taken off from the 
lines of shafting, at many points, by pulleys and belts, by means of 
which the machinery is operated. When the machines to be driven 
are below the shaft, there is a transverse strain on the shaft, due to 
the weight of the pulley and tension of the belt, which is in addition 
to the transverse strain due to the weight of the shaft itself. Some- 
times the power is taken pff horizontally on one side, in which case 
the tension of the belt produces a horizontal transverse strain ; and 
the weight of the pulley acts with the weight of the shaft, to produce 
a vertical transverse strain. Frequently the machinery to be driven 
is placed above the floor to which the shaft is hung in the story 
below ; in this case the transverse strain produced by the tension of 
the belt is in the opposite direction to that produced by the weight 
of the pulley and shaft. Sometimes power is taken off in all these 
directions, from the part of a shaft between two adjacent bearings. 
To transmit the same power, the necessary tension of a belt diminishes 
in proportion to its velocity ; consequently, with pulleys of the same 
diameter, the transverse strain will diminish in the same ratio as the 
velocity of the shaft increases. In cotton and woollen factories with 
wooden floors, the bearings are usually hung on the beams, which are 
usually about eight feet apart; and a minimum size of shafting 
is adopted for the different classes of machinery which has been 
determined by experience as the least that will withstand the trans- 
verse strain. This minimum is adopted independently of the size 
required to withstand the torsional strain due to the power trans- 
mitted; if this requires a larger diameter than the minimum, the 
larger diameter is, of course, adopted. In some of the large cotton 
factories in this neighborhood, in which the bearings are about eight 
feet apart, a minimum diameter of 1^ inch was formerly adopted 
for the lines of shafting driving looms. In some mills this is still 
retained, in others 2| inches and 2/^ inches have been substituted. 



388 CIVIL AND MECHANICAL KNGINEERING. 

In the same mills, the minimum size of shafts driving spinning 
machinery, is from 2^ to 2} J inches. In very long lines of small 
shafting, fly-wheels are put on at intervals, to diminish the vibratory 
action due to the irregularities in the torsional strain. 

We can deduce from formula (1) the breaking power^ or, in other 
words, the power which, being transmitted by a shaft, will produce a 
torsional strain upon it equal to its total resistance to that force. 

Put p = the breaking power, in horse-powers of 33,000 foot-pounds, 

N = the number of revolutions of the shaft per minute. 

_ 2;rRNW 

P ~T2 xTsaooo' 

from which we deduce, 

_12X 33000/? 

^^ 2^S • 

Substituting this value in (1), we find, 

^=8X88000 >a2=«^««^«»ll^^'^'^' • • («•) 

Substituting the values of T, adopted above for iron and steel, we 

have 

For wrought iron, p = 01558 Nd^ (9.) 

« steel, ^ = 0-2492 Nd^ (10.) 

« cast iron, ;>=0•0935Nd^ (11.) 

A formula for the wrought iron shafts of prime movers and other 
other shafts of the same material, subject to the action of gears, 
which I have adopted in numerous cases in practice during the last 
twenty years, and found to give an ample margin of strength, is 

=4ip. (12.) 

in which P=the power transmitted, and from which we deduce 

p=001 Nd^ (13.) 

For simply transmitting power, the formula I have used is 

= J? (".) 

from which we deduce p = 0-02 Nd', (15.) 

Comparing formulas (9) with (12) and (13), and also with (14) and 
(15), it will be seen that the formulas (12) and (13), used for shafts 
for prime movers, give a strength 15*58 times the breaking power ; 
and the formulas (14) and (15), for shafts simply transmitting power, 
give a strength 7*79 times the breaking power. 



d 



8 
d 
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In applying the rules for the strength of materials to construc- 
tions in which there is no movement, it is usual to make the computed 
strength from three to five times the breaking strain. Bodies in 
rapid motion, however, usually require a greater margin of strength, 
in order to provide for the tendency to vibration. In cases where 
shafting for simply transmitting power, is very accurately finished 
and firmly supported by bearings at short intervals, an excess of 
strength two-thirds of that given by formulas (14), (19) and (23) 
will undoubtedly suffice. In ordinary cases, however, the strength 
given by these formulas should be adopted. ^ 

It must be understood that the shafts to which formulas (12) and 
(13) are applied, are supported by bearings sufficiently near to each 
other to guard against the transverse strain caused by the prime 
mover or gear. 

To find formulas for steel shafts of the same strength as those for 
wrought iron, we have for prime movers p = 15*58 p; substituting 
this value of p in (10), we have 

p=0-016N(i^ (16,) 

from which we deduce 

a=\ — -— ? (IT.) 



N 

Similarly, we find for steel shafts for simply transmitting power, 

p=0032 Nd^ (18,) 

3 

and d= 



Jip (19.) 



Similarly for cast iron, we find for prime movers, 

P=0006 Nd*, (20.) 

(21.) 



J |167p 



For simply transmitting power, 

p=0012N(i^ (22,) 

The following table gives the power which can be safely carried by 
shafts making one hundred revolutions per minute. The power 
which can be carried by the same shafts at any other velocity, may 
be found by the following simple rule : 

Multiply the power given in the table, by the number of revolutions 
made by the shaft per minute ; divide the product by one hundred ; the 
quotient wiU be the power which can be safely carried. 



CIVIL AND MECHANICAL ENOIKKBRDia. 





Horae-powPr wbich c»ll he safely 


Horse-power which cb 


n be safely 




orried 


by shafts 


for primp 

WplI BUU- 








.iid L-en» 


lOOravo 


lutiona per 


minuts. in 




jiorli'ilbyWarinija.undmftkin},' 


which thutrftDsvere 


estruin, if 


filAUETEK 


tw) rDTduUom %i 


r minnte; 






if of 






if of 






■\Vrniight 


Slwl. 


Cuft Iron, 


Wrought 


Ktoel, 


Cast Iron, 






com pit tod 


t-omputt'd 


Iron. 


"T"" 


computed 




compuicd 


by 


by 


computed 


by 




Ijy rorinulu 


r^n.fulo 




by formula 


formuU 


formula 




('3* 


(l-i) 


"{21." ° 


(16, 


(18) 


(22) 


100 ' 


1()0 


1-CO 


00 


2 0tl 


320 


1-20 


]-^5 


1 -ll-'i 


a-12 


1-17 


3-00 


C-24 


2-34 


I'M 


a-;i7 


0«!l 


2-03 


0-T4 


10-78 


4-06 


I'TQ 


CliU 


S'58 


3'22 


10 72 


1716 


6-44 


2-00 


aoo 


12-80 


4-80 


lG-00 


25-00 


e-60 


'1-25 


11 -ay 


18-22 


G-83 


22-78 


30-44 


13CG 


a-50 


lG-62 


31-l"J 


0-87 


81-24 


40-98 


18-74 


2'T5 


2U-WJ 


83 '28 


12-48 


41-(W 


0G-f,6 


24 90 


8-00 


27-00 


4320 


10-20 


M-no 


66-40 


82-40 


3i5 


34-;i;) 


C4-1I3 


20-110 


08 'bO 


109-86 


41-2U 


S'OO 


4;i-87 


6K-G0 


2i3-72 


85 74 


137-18 


51.44 


S'T6 


6:i-7a 


84-37 


S1-(I4 


105-40 


168-74 


63-28 


4-00 


moo 


10340 


38-40 


12800 


204.80 


76-80 


4-15 


7'l-77 


122 -S3 


4(1 -Uti 


153-54 


245-68 


92-12 


4-M 


01-12 


14J-70 


54-07 


183-24 


291-58 


100-34 


i-75 


107-17 


171-47 


Gl-30 


214-34 


342-04 


128-60 


5-00 


125-00 


200-00 


75-00 


250 00 


400-00 


ISO-OO 


5-2J 


144-70 


2ai-(.2 


88-82 


289 -4u 


403 04 


173-64 


b'QO 


HiU-37 


SOOllI 


09 82 


332.74 


532-38 


199 -M 


C-7o 


loo-n 


S04'18 


114-00 


880-22 


008-38 


22812 


G-no 


aifi-oo 


84a-r,o 


129-00 


482-00 


001-20 


250-20 


6-26 


24414 


801 1-02 


146-49 


488-28 


781-24 


292-98 


G'uO 


274 -O-J 


430'ail 


1(14-78 


649-24 


878-78 


829-60 


6-75 


307-55 


402-U8 


184-53 


015-10 


084-16 


309-06 


7-00 


843-nO 


648-80 


203-80 


686-00 


1097 60 


iuno 


7-25 


aaioa 


fi(i!(-73 


228-65 


702-16 


1219 46 


467-80 


7-60 


421-S7 


fl74-!m 


253-18 


843-74 


1349-98 


600 -2li 


7-7Q 


4UJ-48 


741-77 


279-20 


930-06 


1489-54 


668 58 


8'00 


El 2 00 


8I0-20 


307-20 


1024-00 


1638-40 


614 40 


H-25 


601-52 


eya-43 


3SG-9I 


112:1-04 


1796-86 


673-82 


8'fiO 


01412 


082-59 


868-47 


1228-34 


1065-18 


73fi-WI 


8-75 


609-U2 


1071-87 


401-95 


133&-84 


2H3-74 


808 00 


0.00 


720'00 


llGG-40 


437 40 


1458-00 


2332-80 


874-80 


9-25 


7111-45 


1266-32 


474-87 


1682-90 


2532-04 


94!t 74 


g-uo 


8r,7-37 


1371-70 


514-48 


1714-74 


2743-68 


1028 86 


0-75 


020-»(i 


1482-98 


5&G-12 


1853-72 


2965-90 


1112-24 


10.00 


100000 


lGOO-00 


BOO-00 


2000 00 


3200-00 


1200-00 



THE NEW YORK CENTRAL PARK. 391 

Comparing formulas (14) and (19), it will be seen that the diame- 
ters of shafts of wrought iron and steel, to transmit the same power, 
are in the ratio of the cube root of 50 to the cube root of 31'25, or 
as 1 to 0'855. The weights of the shafts will be as the squares of the 
diameters, or as 1 to 0*731. The power required to overcome the 
friction of the shafts in their bearings, assuming that the co-efl5cient 
of friction is the same for wrought iron and steel, will be as the pro- 
ducts of the weights into the velocities of the rubbing surfaces. The 
number of revolutions in a given time being the same in both, the ve- 
locities of the rubbing surfaces will be as the diameters ; and the 
weights will be as the squares of the diameters ; the power required 
to overcome the friction will therefore be as the cubes of the diame- 
ters, or as 1 to 0-625. That is to say, the power which must be ex- 
pended to overcome the friction of a steel shaft is five-eighths of that 
required to overcome the friction of a wrought iron shaft of equal 
strength. 

The superiority of steel to resist transversal strain is much less 
than to resist torsional strain. The relative diameters of wrought 
iron and steel shafts, to resist equal transverse strains, exclusive of 
their own weights, are inversely as the fourth roots of the respective 

values of E, or as (^g^)ito ( gg^J*' or as 1 to 0-98. 

That is to say, steel shafts, to offer the same resistance to external 
transverse strains, may be two per cent, less in diameter than wrought 
iron shafts. The weights of such steel shafts will be about four per 
cent, less than the weights of wrought iron shafts of equal stiffness ; 
and the power required to overcome the friction of the bearings will 
be about 6 per cent. less. 

Lowell Mass., May 4, 1867. 
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THE NEW YORK "CENTRAL PARK." 

By William H. Grant, Superintending Engineer. 

Should such an amount of rain fall at a time when the grounds 
were covered with a considerable body of snow, and the grounds not 
frozen, the accumulation of water might so much surpass the capacity 
of the gutters and drains, as to cause the gullying of the roads and 
grounds. But the simultaneous occurrence of such contingencies, 
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although possible, is not to be regarded as so probable as to cause 
very great apprehension, or to justify the construction of works on 
a scale that would be fully adapted to meet it. The drainage system 
for the roads of the Park, adapted as before stated, to a rain-fall of 
two inches in depth in one hour, is believed to possess about the 
maximum capacity that is reasonably practicable or desirable for 
such purposes under similar circumstances. It is on a somewhat 
larger scale than is generally adopted for city drainge, but if any 
doubts were remaining upon the subject, they would not be on the 
side of a reduction of the capacity. 

Before describing the details of the drainage works pertaining speci- 
ally to the roads, the following description of the connected and more 
extensive system of surface-drainage of the Park will not be out of 
place. 

* The larger drainage areas of the Park have, besides the principal 
basins and depressions into which the water descends, other subordi- 
nate depressions and irregularities of surface, of various extent, 
through which the drainage water must pass, and which would form 
pools in many cases during rains, if proper arrangements were not 
made for discharging the water. There are also districts of ground 
in which the natural w^ater-courses have been unavoidably obstructed 
by the works of the Park, forming artificial basins, which would 
be liable to become ponds at times of excessive drainage, if ample 
outlets were not provided. 

Special attention has been given to all such cases, to prevent the 
lodgment of water. Under-drains of ample capacity have been laid, 
and the water admitted to them by inlets with grated covers, or where 
practicable, natural depressions have been modified in extent, and the 
ground so shaped as to give them outlets on the surface. In some 
instances, to guard against contingencies, double outlets are made, 
one communicating with a separate drain from the other, or commu- 
nicating with the same drain or sewer, at a difierent point, where the 
capacity is enlarged. 

Experience has shown that it is not safe to rely upon mere agricul- 
tural drains, however perfect they may be, to absorb and carry off 
sudden accumulations of water from any considerable area of de- 
pressed ground. Such drains act by a slow process of percolation 
under the most favorable circumstances, and are liable to become 
entirely inoperative for surface-drainage at times when they are much 
needed ; as, for instance, when the ground is temporarily and lightly 
frozen, or when it has been frozen to the greatest depth, and is gradu- 
ally thawing out, the lowest portion of the frozen stratum remaining 
unaffected and impervious for a considerable length of time. At 



* From Report of Superintending Engineer of January 1, 1862. 
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Buch times, standing water on the surface for a longer 'or shorter 
period, must result from a thaw of snow or from rain, and if no other 
drainage ensues, lawn srass and shrubbery that might be submerged 
would be likely to receive serious injury. 

The surface and undcr-drains for the grounds at large, connect 
with the road-drains, and together make up a common system. 

Besides the drains here alluded to, that lie below the surface, other 
drains, water channels, paved gutters and catch- water drains, or *^ sod- 
gutters," lying upon the surface, form a part of the system. 

Where drainage water is brought to the roads from adjacent higher 
ground, it is generally intercepted by sod-gutters in the manner here- 
after described under the head of walks. 

The drainage of the roads is received into the under-drains below, 
through strongly grated inlets in the road-gutters. [Plate II.] The 
wider roads have under-drains to each gutter; the narrower roads have 
but one under drain. In the latter case, branch drains crossing the 
road connect the gutter inlets that are on the side of the road opposite 
to the main drains, with these drains. The inlets are placed from two 
hundred to five hundred and fifty feet apart (generally two hundred 
to three hundred feet apart), and are in all cases constructed with 
silt basins at the bottom, to catch and retain any substances that 
would otherwise be carried into the drains. 

The road-drains and adjoining sod-gutters discharge, at various con- 
venient points, into larger under-drains or sewers, and thence the 
water is conducted to the ponds or to the drainage outlets of the Park. 

The road-drains are variously composed of stone or earthenware, 
vitrified and glazed pipes, cement pipes and brick sewers. The vitri- 
fied glazed pipes have been the most extensively used. Cement 
pipes were introduced upon the Park after the work had been con- 
siderably advanced; they are of quite recent manufacture in this 
country, and were recommended by their cheapness as compared with 
the earthen pipe. They are made of hydraulic cement and sand and 
gravel, intermixed in the form of a mortar, and are moulded with 
accuracy, and are submitted to pressure during the process, by means 
of machinery. When thoroughly made of the best materials, they 
possess the necessary strength and other qualities required for drain- 
pipe. They cannot be safely used, however, without being first sub- 
jected to such tests as will prove the indurating and hydraulic proper- 
ties of the cement, which latter material is the important ingredient 
in their composition. They are not quite as perfect in their opera- 
tion in conveying and discharging water as the earthen glazed pipes, 
as the latter pipes, from the superior smoothness of their interiors, 
cause less friction and retardation of the water, but they are superior 
to brick sewers in this respect. 

Vol. LIU. 28 
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In the use of the earthen pipeSi they were foand to be cheaper 

than brick drains, for all the smaller sizes of twelve inches and under. 
The cement pipes, as compared with brick, are ordinarily cheaper than 
brick, up to sizes of about twenty- four inches, which are the largest 
that have been used on the Park. 

Previous to arranging and laying down these pipes along the 
roads, the areas of drainage surface for the different widths of roads 
were computed, together with such exterior drainage as was imme- 
diately connected with the roads, and the sizes of the pipes were 
graduated to receive the accumulated water entering at successive 
points from the summit to the foot of each descent in the line of the 
roads, or to such points where the pipes, from the necessary increase 
of capacity, give place to larger sewers that conduct the drainage in 
various directions, to the Park ponds or to the drainage outlets of 
the Park. 

A specification of the manner of laying these drain pipes will be 
given hereafter. 

SILT BASINS. — A. B. A C. D., PLATE II. 

These basins, as before stated, are constructed in connection with 

the road-gutters, at distances of two hundred feet to five hundred and 

fifty feet apart, along each gutter. They are adapted in capacity to 

receiving and retaining such quantity of silt, mud or road detritus, 

as is likely, under ordinary circumstances, to be discharged into 

them during a heavy rain of the duration of twenty-four hours. 

They are very seldom filled in that space of time, and only hitherto 

in exceptional cases arising from the washing of newly made slopes 

adjoining the road, or of gravel from the road, that had been 

freshly deposited and not rolled or compacted before the occurrence 

of a heavy shower. They will hold about a cart load of silt below 

the level of the outlet or discharge pipe. Their object is to prevent 

silt or other substances from being carried into the drain-pipes and 

obstructing their flow.'*' The bottom of the basins is generally five 

feet below the surface of the road-gutter, the outlet or connecting 

pipe between the basin and main road drain being about three feet 

below the gutter. The connecting pipe has usually a descent, before 

entering the main drain, of a few inches, to obviate any liability of 

* They also serve a good purpose in partially relieving the drainage water of tha 
roads from sediment and impurities before it reaches the Altera and d^poaitiof 
basins that pass the drainage water into the Park ponds. 
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Fig. 1. 



the larger volame of water flowing through the main, being diverted 
into the basin. Some of the basins first constructed, were inserted 
directly in the line of the main drains, the latter entering and 
discharging in the basin on one side, and passing out on the 
other. [Plate I., Telford road.] This method was considered 
objectionable on account of its checking the flow of water through 
the pipes, and also for the reason that the agitation of the water in 
the basin by the passing current, tended to prevent the desired 
deposit of sediment. The preferable plan of keeping the main 
pipes separate and a few feet distant from the basins, and con- 
necting them by a branch-pipe, has been generally adopted. [Plate 
I, gravel road.] The mains follow as nearly as practicable, the 
lines of the road-gutters, turning aside at the points 
where they pass the silt basins, and occasionally 
diverging to the right or left, to avoid embedded 
boulders or projecting portions of rock. 

The silt basins are constructed of hard, thoroughly 
burnt brick, laid closely and tightly in hydraulic mor- 
tar ; the upper part above the level of the outlet pipe, 
is covered over, except the aperture communicating 
with the gutter, with strong flags or flat stones. Upon 
this covering is built up the neck of the basin that 
supports the gutter grating. The grating is twelve 
and a half inches wide and twenty-four inches long, 
the bars being two inches deep, and is strongly made 
of cast iron, and fitted like a lid to a cast iron curb 
or box that is supported by, and forms a part of, the 
neck or inlet of the basin.* The gutter stones are 
joined up around the curb, the surface of the gutter 
coinciding with the top of the grating. The grating 
is easily lifted off and replaced in cleaning out the 
basin. A small scoop of sheet iron attached to the end 
of a pole ten to twelve feet long, (Fig. 1,) is used in re- 
moving the silt, which is first deposited in a heap on the road near 
the gutter, and when sufficiently dry is hauled away. 

The basins are examined from time to time, and the directions are 
that they be cleaned out in all cases, before the deposits accumulate 




* The gratings weigh eighty-eight and a half pounds; the curbs weigh ninety- 
three pounds each 
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to such an extent as to endanger their being carried into the drain- 
pipes. The water standing in the basins, usually up to the level of 
the outlet pipe, is protected, by the depth below the surface of the 
ground, the contracted aperture, and the grating covering the top, 
from freezing in winter, so as to injure the masonry of the walls. The 
following remarks on the general drainage of the Park will not be 
without interest in closing this description of road-drainage. 

'''A recapitulation of all the works that have now been constructed 
for superficial and sub-drainage, and for supplying the Park with 
water, consisting of sewers, pipes and tile drains, and the iron and 
cement water pipes, shows an aggregate linear extent of 398,764 
feet, or 75| miles. The completion of the several systems will make 
this aggregate about 110 miles. 

It is worthy of remark, that this extent of work, which performs 
so essential a part in the successful improvement of the Park and in 
developing its attractions, is wholly under ground and hidden from 
observation. 

The statement of the aggregate linear measurement, together with 
the brief descriptions that have been given of some of the leading 
parts, will suffice to give a general knowledge of the scope of the 
work and of the amount of labor involved ; but it is only by a refer- 
ence to the working maps and plans in detail, that an adequate idea 
can be formed of the entire arrangement, adaptation and working of 
the respective systems. 

The large area of the Park which is broken into undulations of all 
degrees, from precipitous to long gentle slopes, receives the heaviest 
showers of summer, and the water, instead of accumulating in rush- 
ing streams and gullying the grounds, quietly and harmlessly dis- 
appears below the surface, and is gathered into the veins and arteries 
of the drainage systems, and passed ofi* to supply the ponds, or is 
discharged from the Park in the same unperceived manner. When a 
shower has subsided, its inconvenient efi^ects soon disappear, leaving 
undisturbed lawns, and the roads and walks comparatively dry and 
fit for immediate use. The Croton water, at all points where it is 
desired, appears at command, or ascends in fountains at the appointed 
places ; but the 110 miles of channels and the various connected 
works through which all this is performed, are unseen, and show no 
evidence of the connection that exists between the effect and the canae. 

The direct practical results alone, are all that will arrest the atten- 
tion of visitors or ordinary observers. Other works of the Park 
exhibit to the view their various purposes of utility and ornament, in 
more or less detail, and are accessible for inspection and repairs ; 
but these spread out beneath the surface their extended rettcnlationB, 

* From Keport of January 1, 1862. 
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and perform their principal functions silently and unseen, and can be 
approached and examined only by indirect means. 

These facts give to this class of works a special interest, and show 
the necessity of special care and attention being given to works so 
situated, to maintain them in successful operation. 

( To be continued. ) 



From the London Mechanic*! Magazine, April, 1S67. 

STEEL WIRE. 

Steel wire is now chiefly used in the manufacture of needles, fish- 
hooks, springs, music-strings, small tools, umbrella frames, crinolines, 
and ropes, both for the home and foreign trades. Its application to 
ropes and cables is of very recent date, and is entirely owing to the 
success of Mr. HorsfaH's invention ; ordinary steel wire being mani- 
festly useless for the purpose, and absolutely dangerous. As soon as 
it became known that a steel wire could be produced which combined 
all the advantages of lightness with hardness and extreme tenacity, 
it obtained a considerable share of popular favor ; and, although it 
has been introduced within the past seven years, it has already at- 
tained a high position in the estimation of consumers, and, as preju- 
dice is more and more overcome, must some day attract still greater 
attention. The steel wire rope is now used at many collieries ; and 
is highly valued in deep pits especially, where the light weight of the 
rope is of such importance, both in connection with the safety and 
economy of the working. For railway inclines, lifts, and even ship's 
rigging, the same reasons are rapidly bringing it into use. Not the 
least important of the various mechanical inventions of the present 
day, which the introduction of a suitable quality of steel wire has 
materially assisted in perfecting, is the application of steam machinery 
to agriculture. The late Mr. Fowler has more than once declared 
*' that he owed the success of his plough to the introduction of Web- 
ster and Horsfall's steel wire." But the most important use to which 
this wire has yet been adapted, and the one which is now exciting 
such universal interest, is the manufacture of submarine telegraph 
cables. During the past five years, large quantities have been used 
for cables in the Mediterranean ; and lately, as is well known, it has 
formed an important and successful portion of the Atlantic telegraph 
cable. The manufacturer of this wire, in its various departments, 
kept nearly 250 hands employed for eleven months, the total quan- 
tity supplied being over 30,000 miles in No. 13, I. W. G. (=-095). 
We take the foregoing from Mr. Timmins's ^' Birmingham and the 
Midland Hardware District/' 
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LECTURES ON VENTILATION. 

Delivorod before the Franklin Institute, by L. W. Leeds, Esq. 
LECTURE II.— (Continued from page 328.) 

It is in connection with this system of heating by circulating warm 
air, that the erroneous views in relation to ventilation generally en- 
tertained by the public, produce the most injurious eflFects. 

The special points to be borne in mind in considering this subject 
are that, when in motion, warmer air rises and colder air falls; but 
when at rest, the stratums of air of different temperatures arrange 
themselves horizontally. 

One other thing: we must remember temperature has nothing to do 
with the purity or impurity of the air. The pure air entering a room 
is sometimes colder than the average temperature of the room, and 
falls to the floor, forcing the warmer, and, in that case, fouler air to 
the upper part of the room. 

But frequently, in winter, the fresh air enters warmer than the 
average temperature of the room, and rises to the ceiling^ and flows 
across the room above the colder and fouler air that has been longer 
in the room. You must not forget the experiments in our first lec- 
ture, showing that the breath in an ordinary room, of a temperature 
of 70^, fell to the floor instead of rising to the ceiling. I propose 
illustrating this part of our subject, by using a little glass room 
to show the movements of air of different temperatures. We can 
either use air of different temperatures, showing the motion of the va* 
rious currents by a little smoke ; or, as the laws governing the circu- 
lation of liquids of different densities are so similar, and by the use 
of a little coloring matter will express to an audience of this kind 
more promptly and clearly the ideas which we wish to convey, we 
therefore propose using the different colored liquids this evening. 

The colors, of course, have nothing to dq with the densities, but 
are merely used as a convenient method of designation ; the red repre- 
senting heat or lightness, and blue coldness or density. 

The room is now filled with clear water, slightly blue, to represent 
cold, and a little salt, which makes it a little more dense than fresh 
waten NoWy I will let lu aWuU fie^Vi'n^l^T^i^olQred red by eoohineali 
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to represent heat, and by making a similar opening on the opposite 
side for its escape, you will be able readily to see in what direction 
it moves. There, see it entering — see how it flows directly across the 
top of the room, and escapes at the opening on the opposite side. Ton 
see it disturbs the lower and colder parts of the room but very little. 
Thus a large flow of pure fresh warm air might be going through a 
room all day, and be entirely wasted, neither warming nor ventilating 
it. Fortunately, there are but few buildings arranged in quite so 
absurd a manner as this. I believe it was tried in the House of 
Lords, on the erection of the new Houses of Parliament, but, of 
course, failed. I think they still adhere to it in some of the 
wards of some Insane Asylums, where they depend, I suppose, upon 
the excitement of the patients to keep themselves warm and the air 
stirred up. I also noticed this arrangement in a new building just 
being finished, a few years since, at Yale College. The architects of 
that building had probably been impressed with the dreadful effects 
upon the health of students of the air from our ordinary hot air fur- 
naces, and thought they would avoid all such danger. I think, how- 
ever, it would have answered their purpose just as well, and been 
much more economical, to have placed the furnaces at the coal mines, 
and saved the trouble and expense of carrying the coal so far. I 
expect they have made other arrangements, probably, by this time. 

We will now close the opening at the top for the inlet of the fresh 
warmed air, and open a valve, so as to allow it to flow in at the bot- 
tom. We will allow the opening at the top for the outlet of the fouI(?) 
air to remain as before, (see figure one, lithograph plates.) This 
is quite an improvement ; it agitates the air much more than the other, 
and by going and standing directly over the register, you can always 
get in the current of fresh warm air. But you see to what a very 
small portion of the room the heated air is confined, rising in one 
perpendicular column directly to the ceiling, and then flowing hori- 
zontally along the ceiling to the outlet. How little it disturbs the 
main portions of the room, especially the lower and occupied part. 

I hope you will notice that this illustrates the popular notions of 
ventilation. I suppose three-fourths of all the buildings in this coun- 
try, or in Europe, where any attempts at artificial ventilation have 
been made^ are thus arranged. Dr. Franklin knew better, and made 
a much more perfect arrangement than this. But we are probably 
mostly indebted to that very able and enthusiastic advocate of venti- 
lation^ Dr. Rei^ for this popular opinion. TbQ whole of the ijlaa 
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that he advocated is but little understood by the public. He assTiined 
that the natural warmth of the body created an ascending current 
around us, and caused the breath to rise towards the ceiling, and 
consequently, in all artificial arrangements, it was best to endeavor 
to imitate this natural movement of the air. And to overcome the 
great practical difficulty we see here exhibited, of the fresh warm air 
flowing through the room, and disturbing so small a portion of it, he 
proposed making the whole floor one register, and thus have an as- 
cending column over the entire room. For this purpose, the floors in 
the Houses of Parliament were perforated by hundreds of thousands of 
gimlet holes, and the whole cellar made a hot air chamber. This was 
a magnificent idea, and, I believe, in some few instances, where fully 
carried out, has given a good degree of satisfaction ; but it is always 
difficult to adjust the opening and the pressure so as to cause an even 
flow over so large a surface, and at the same time to be so gentle as 
not to be offensive to those with whom it comes in contact. But this 
thorough diff'usion cannot be conveniently applied in one case in one 
thousand. It must necessarily be always very extravagant, as it will 
always require a great amount of air to insure a thorough circulation 
through all parts of the room. I wish, therefore, most emphatically, 
to condemn all systems relying upon openings in the ceiling for the 
escape of the foul air while depending upon the circulation of warmed 
air for obtaining the necessary additional warmth. In practice they 
are universally closed in winter, for the purpose of keeping warm, 
and as such openings have been so generally considered iheonli^ ones 
necessary for the proper ventilation of a room, and as they had to be 
shut in winter, just when artificial ventilation was most necessary, it 
has created a very strong prejudice in the popular mind against all 
ventilation. 

The result of the advocacy of these impracticable theories by so 
many able and learned men, (most physicians writing upon this sub- 
ject have adopted them,) has been the shutting up of many thousands 
and tens of thousands, till they have smothered to death. 

The ravages of consumption and the excessive infantile mortality, 
and the many diseases resulting from foul air poisons, are in a great 
measure due to the general advocacy of these false theories. As I 
have before said, Dr. Franklin knew better than this, and had we 
been contented to have followed his simple practical advice, instead 
of being dazzled by the splendid theories of others, thousands of our 
friends would now be with us who died long since for the want of 
fresh air. 



LECTURES ON VENTILATION. 401 

Now, let US see how Dr. Franklin says a room ought to he yenti- 
lated, He says, " the fresh air entering, becoming warmed and spe- 
cifically lighter, is forced out into the rooms, rises by the mantel-piece 
to the ceiling, and spreads all over the top of the room, whence, being 
crowded down gradually by the stream of newly warmed air that fol- 
lows and rises above it, the whole room becomes in a short time 
equally warmed." This is the principle upon which his celebrated 
Franklin stove was arranged. Now, let us see if we can arrange our 
little glass house so as to illustrate this. We will first fill it with 
what we call our cold air, and will close the outlet at the top, and 
take out the fire-board. Now, as I let in the warm fresh air, it 
rises immediately to the top, as before, and flows across the ceiling, 
but as it cannot escape there, it forces the cold air down, and causes 
it to flow out at the fire-place. See how quickly the whole room is 
filled with the fresh warmed air. Ah ! I see I am a little too fast- 
there appears to be a stratum of a foot or two, lying on the floor, 
that is not disturbed yet. It flows out at the top of the fire-place, 
and therefore does not reach to the floor. This is frequently the 
cause of cold feet and much discomfort. We will make the opening 
directly at the floor, (see Fig. 2, Lithograph plate,) and that forces all 
the cold air out, warming and ventilating the whole room. Here is 
the whole problem solved in the most beautiful and simple manner. 
And you may exclaim, as you see the simplicity and perfect working 
of this, how came any one ever to think of anything else. 

Here, again, you see the value of that most excellent and valuable 
of household arrangements, the o feu fire-place; even without the fire 
it serves a most important purpose. 

We must not forget, however, that there are other circumstances' 
in which it will not do to depend on the fire place alone for ventilation. 
Now, by leaving the fire-place open, just as it is, and the room full 
of warm air, we will simply change the condition of the air supplied, 
and allow cold air to flow in at the bottom instead of top. (See Fig. 
3.) There, you see the fresh cold air simply falls to the bottom and 
flows across the floor, without disturbing the upper part of the room 
at all. It acts just the reverse of the hot air let in and taken out at 
the top of the room. When you are ventilating a room by opening a 
windoWy therefore, it is often necessary 'to open it at the top; but 
remember when you are ventilating by doors and windows, (which are 
the great natural ventilators,) they are an entire substitute for flues^- 
flues are then of no account. All windows, therefore, ought to bo 
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made to lower from the topy and all ventilating ^u^t ought to be made 
to open at the bottom of the room. 

I have noticed another very interesting feature in regard to the 
circulation of liquids of different densities ; for instance, suppose we 
fill our little room half full with salt water, and the remainder with 
fresh water, we will now apply a spirit lamp to the bottom of the 
room. As the salt water becomes heated it rises rapidly, but not to 
the top of the room, but only half-way, or to the top of the denser 
liquid, and then spreads across the room horizontally. Thus the salt 
water will keep up a rapid circulation, and may be heated almost to 
a boiling temperature underneath of, and without heating or dis- 
turbing, the cold fresh water above. I have tried some very beautiful 
experiments of this kind with a number of liquids of different densi- 
ties in the same vessel. Gases of different densities are probably 
influenced in a similar manner by the application of heat. And here 
we see the value of that beautiful law of the diffusion of gases, by 
which each gas, no matter what its density, is equally diffused in all 
directions through the other gases,* independent of temperature. 

I desire to call your attention this evening to one other distinct 
system of heating — I mean that very convenient, economical, cleanly 
and very fashionable system of heating by direct radiation from 
steam-pipes. 

As steam has become such a common article in all large buildings, 
both for power and as a convenient means of distributing heat, most 
large buildings are thus heated, and as a perfectly air-tight building 
can be very easily heated thus, and as most persons are too ignorant 
' or too careless to provide a separate and distinct supply of fresh 
air simply for ventilation alone, the consequence is, that this system, 
thus so shamefully abused, is probably drying up more talent and 
killing more business men in our cities than any other system in ex- 
istence. This applies especially to the editorial rooms of nearly every 
one of our leading newspapers and publishing houses. They use 
steam for driving their beautiful printing presses, and the heating and 
ventilation, or rather, the entire want of ventilation, in their oflices, 
would indicate that they thought that the same power that drove their 
presses, to do the printing so nicely, was entirely sufficient to drive 
them to write the original articles for the printer, and that they had 
no more need oi fresh air than their presses. 

You may think that I am certainly mistaken that so intelligent % olaas 
of the community, who axe buW^u^ ^uch splendid fire-proof boOd- 
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ings, such perfect palaces of iron and stone and marble, as our neirs- 
paper establishments are building in New York, Philadelphia and 
other large cities, would never make such a blunder as to omit pro- 
viding the most abundant supply of pure, fresh air to every employ^ 
in their establishment, and at all times, both in summer and winter. 

Should there be any one present thus doubtful, I wish he would 
undertake to get any one of our enterprising newspaper establishments 
to publish in their paper an accurate intelligible account of their sys- 
tem of ventilation, illustrating clearly the known quantity of pure, 
fresh air delivered within using distance of each one of the editors 
and employes. 

I think he would soon come to the same conclusion I have, that the 
advice of the minister to his congregation would be very applicable 
to them— "Always do as I Boy^ but never do as I <fo." 

( To be continued.) 



LECTURES ON MINERALOGY. 

By Theodore D. Kakd. 
LECTURE I. 

t CLASSIFICATION, NOMENCLATURE, CRYSTALLOGRAPHY, CHEMICAL COMPOSITION, 

COLOR, HARDNESS, SPECIFIC GRAVITY. 

Mineralogy and Geology are so allied that many persons regard 
them as almost identical ; but the distinction is very clear, and may 
be given in a few words. 

Geology studies the rock masses which form the crust of our globe- 
Mineralogy studies the minerals which form these rock masses. The 
whole number of tliese minerals is not much over six hundred, but 
notwithstanding this, few sciences have suffered more for want of a 
judicious, systematic nomenclature and classification. The object of 
nomenclature and classification is not to draw supposed natural lines 
dividing minerals, for such nature does not draw. Her plan admits, 
neither in the mineral, vegetable nor animal kingdom, of well and 
clearly defined lines, but from the animalculae, and even from the 
vegetable, to man a ladder is found, the steps of which are almost in 
contact. By this, I do not mean to encourage the unscientific devel- 
opment theory, that the higher organisms have sprung from the lower, 
(for no evidence of such has ever been found,) but simply that the 
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fact which gave plausibility to the Darwinian theory, that there are 
closely connecting links between every division which we may make, 
prevails in mineralogy, as in all other sciences. 

The real object, therefore, of all classification should be the arrange- 
ment of the species in that order, and in such groups, as shall most 
aid the memory in studying their peculiarities, and shall, as far as pos- 
sible, place species having strongly marked similar characteristics, 
together. In Botany, Zoology, Gonchology, &c., the vast number 
of species, and their various common names, have rendered it neces- 
sary to give to every genus a name, to which is added another for 
each species in that genus, each name being, as far as possible, 
founded upon some characteristic of the species. The comparatively 
few mineral species and the comparatively few common names ren- 
der a classification of this kind cumbersome, and productive of greater 
evils than those we would avoid. 

Professor Dana, abandoning the pre-existing arrangements, offered, 
in his edition of 1857, a classification of this kind, giving new double 
Latin names to all minerals, and subdividing minerals into classes, 
orders, genera and species, but it found no favor with mineralogists, 
and was abandoned by him in his third edition, in which be says : 
^^ There are errors in its very foundation, which make it false to 
nature in its most essential points, and in view of the character of 
these errors, we are willing it should be considered a relic of the 
past." 

Based upon the system of Mobs, Werner, Brochant and others, 
arose a classification by which, probably, the majority of cabinets are 
arranged, and which is that used by Dana in his third edition. This 
divides minerals into seven classes, by chemical composition. Four 
of these contain, in the aggregate, but thirty-five species — the re- 
maining three are subdivided according to their chemical bases, two 
of them into six groups, the third (metallic) into fifteen. Inasmuch 
as the base in any mineral is generally characteristic, easily ascer- 
tained and remembered, and especially in metallic species those of the 
same bases occur naturally together, this is a most convenient ar- 
rangement for ready reference and memory. There are, it is true, 
objections to it, probably the strongest being, that many bases, being 
isomorphous, may be indefinitely substituted one for the other, but 
this objection will be found more apparent than real, for many of the 
isomorphous bases are grouped together, as for example, linotQ wi 
magnesia. 
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In Professor Dana's fourth edition, he has arranged the species 
after a strictly chemical crystallographic system, 'giving prominence 
chemically to the electro negative, or the acid of the compound. 
There are many advantages in this system. It is perhaps the 
most scientific arrangement, but it would be most difficult of acqusi- 
tion, there being few of the aids to memory of the former system, 
and there being but one hundred and sixteen groups ; but the gravest 
objection is, that it brings in juxtaposition the most dissimilar mine- 
rals and separates those closely allied. Thus, periclase and red cop- 
per, carbonic acid and quartz, calamine and prehunite, alunogen and 
brochantite, oxide of zinc and water, are placed in juxtaposition, 
while metallic iron, specular iron, magnetic iron, brown hematite and 
goethite, almost identical in chemical composition, varying but in 
content of oxygen and water, and naturally associated, are distri- 
buted through four grand divisions and five groups. The ordinary 
well known ores of copper are similarly distributed through six grand 
divisions and seven groups. 

The following is the classification by bases above referred to, 
slightly altered from that of Professor Dana, by making divisions 
of some of his subdivisions. 

I. Nitrogen, Hydrogen. D. Anhydrous Silicates of Lime 

II. Carbon, Boron. and Magnesia. 

III. Sulphur Selenium. E. Hydrous Silicates of Alu- 

IV. Salts, non-metallic, not sili- mina. 

cates, (Hydrates, Sulph- F. Zeolites. 

ates. Carbonates, Phos- G. Anhydrous Silicates of Alu- 

phates, &c.) mina. 

A. Salts of Ammonia. H. Fcldsparand allied minerals. 

B. " *' Potassa and Soda. I. Garnet do. 

C. " " Baryta and Strontia. K. Mica do. 

D. ^^ ^^ Lime and Magnesia. L. Aluminates of Magnesia. 

E. " '* Yttria, Ceria, Tho- M. Silicates of Glucina. 

ria, &c. N. do. Zirconia, Thoria 

y. Silica and Silicates, not me- Yttria, &c. 

tallic. VI. Metals and Metallic Ores. 

A. Silica. A. Tin, Titanium, Molybdenum. 

B. Hydrous Silicates and Boro B. Titanates, Columbates, Tung- 

Silicates of Lime and states, &c. 

Magnesia. C. Uranium. 

C. Hydrous Silicates of Mag- D. Bismuth, Tellurium, Anti- 

nesia. mony, Arsenic. 
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E. Ghromiam. 4. Silicates. 

F. Iron. H. Cobalt, Nickel. 

1. Sulphides. I. Zinc, Cadmium. 

2. Oxides. K. Lead. 
8. Salts not silicates. L. Copper. 
4. Silicates. M. Mercury. 

G. Manganese. N. Silver. 

1. Sulphides. 0. Platinum and associated me- 

2. Oxides. tals. 

8. Salts not silicates. Yll. Resins, or organic compounds. 
Of course, in this arrangement, the word metal is used in its popu- 
lar sense. 

( To be continued. ) 



From the London EnglueorinK, No. 70. 

PUMPING BY WATER POWER. 

The April number of Les Annales du Genie Civil contains a paper 
by M. Achard, descriptive of the water-works carried out under his 
direction for the supply of two suburbs of Geneva, known as Petit 
Saconnex and Grand Saconnex, the latter elevated 10-1 metres, or 
841 feet, above the level of the Rhone, a little below where it leaves 
the Lake of Geneva. The river, here — and it is here that Bonnevard 
(the Prisoner of Chillon) was supposed, by a fiction of poetry, to have 
seen it when he spoke of the ^^Blue Rhone in fullest glow " — has a 
current suificiently swift to work a large paddle or undershot wheel 
for driving pumps, and water-power pumping works have accordingly 
been erected by MM. Menn, LuUen & Co., engineers, of Coulouv- 
renifere, near Geneva. These consist of a wheel, 83 feet 6 inches in 
diameter and 20 feet face, driving a pair of double-acting pumps, of 
a collective capacity of 6§ gallons, or 18} gallons for the double 
stroke, at four times the speed of the wheel itself, the ratio of the 
gearing being as 4 to 1. At 2^ revolutions of the wheel per minute, 
120 gallons per minute are thus pumped. Including friction and all 
resistances, the pumps work against the great resistance of 472 feet 
of water. The usual speed of the water-wheel is, however. If turns 
per minute, and the corresponding head, including friction, is 880 feet. 



ERECTING THE INVERTED IMAGE 

IN THE MAGIC LANTERN. 
By flBNRY Morton, Ph.D. 

A LENS, as every one knows, inverts the image which it makes of 
any object ; hence, in the magic lantern, we place the picture upside 
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down, and right for left, in order that its image on the screen may 
occupy a true position. This is the shortest road out of the difficulty, 
of course, where it can be followed ; but there are many cases in which 
such a treatment of the subject is inadmissable. Thus, if we wish to 
exhibit to a large audience the manner in which tacks or iron filings 
are vivified by a magnet ; how water assumes the spheroidal state on 
a heated surface ; how the same fluid is caused to circulate by local 
changes of temperature, or is decomposed by a galvanic current, or 
any of the many similar experiments which may be conducted with 
striking effect in a lantern, we must resort to some means other than 
^' inversion of the object" to secure an erect or right-side-up position 
of the image on the screen. 

The desirability of some means for reaching such a result is very 
manifest, and the most natural first thought is to use a square prism, 
as described by Brewster in his Optics, page 270, where a drawing 
is given, curious at once for its theoretical accuracy and practical im. 
possibility ; an equilateral triangle being taken to represent a square 
prism, and the refracting action indicated as about eight or ten times . 
as great as it could possibly be. Yet, viewed as a symbol or hyro- 
glyph, this drawing, as will be shown presently, may be regarded as 
embodying actual results, which, if known to the author, were cer- 
tainly not hinted at, and to the best of our belief, will find their first 
publication at this time. 

A more accurate drawing of the same thing is to be found in Frick*8 
Phyncal TechnicBy (an admirable work, which should be in the hands 
of every experimenter and manufacturer of apparatus,) page 209. 

With such authority, we should have proceeded to experiment, but 
for the information, from one who had given much attention to lan- 
tern manipulations, that the plan had been tried and abandoned by 
him, in consequence of the loss of light and reduction of field which 
it entailed. Professor R. E* Rogers, who had gone farther than we, 
and had made some experiments, was, we believe, deterred from fur- 
ther attempts by the same cause. 

A trial, however, was at last made which satisfied U8 that, under 
proper conditions, a good result might be realized with a square prism, 
placed in front of the objective of an ordinary lantern. 

The accompanying cut, which is drawn with some attention to ac- 
curacy of direction and angle, will show, on inspection, how the upper, 
and under rays, D and M, change places, and thus how the inversion 
is corrected. In using this prism, no inclination is given to the Ian? 
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tern. Il remKins directed to the screen, exactly as with the iaverted 
image. 

The lose of light experienced is not seriou:4, so tiiat we are ahle, 




vith aa ordiaar; lantern, to cover a screen of twenty feet in diameter 
with a brilliant circle of light ; vhile the contraction of field, though 
notable, is not of any practical inconvenience. 

The only drawback was the difficulty and cost of obtaining prisms 
large enOQgh, and this difficulty has been overcome by the ingenuity 
of Mr. Zentmayer, \\ ho has devised the excellent improvement ve shall 
now proceed to describe. 

Observing that with the square prism, only the lower portion is 
available, any ray above d, Fig. 1, such aa H, for example, failing to 
strike the base and be reflected, but suffering reflection downwards at 
E, and so being lost, he proposed to make the prism of such a shape 
EB is indicated in Fig. 2. 

Here the angle b is calculated to equal the angle of refraction of 
Fig. 2. 




an horizontal ray, such as d at the surface a b, plus 90°. Under 
this condition, such a ray, after refraction, would be parallel to the 
farther side, b c, and would therefore reach the base, a s, and be re- 
flected from it, however near to the summit, b, it might strike. 

The lower ray, H, would be in an equally favorable condition, ks ii 
clear from iospectioo of the figure. 

The angle, B, is 125° 30', a and c, of course, 27° 15' each. It 
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migbt be thought that the great obliquity of the surface, A B, would 
cause a serious loss of light by reflection, but this drawback does not 
appear in practice. 

The economy in thickness of glass required to produce a prism of 
given effect is decidedly very great. In fact, the ordinary optical 
glass, which is easily procured, answers perfectly ; while for the square 
prism of sufficient size, it would be necessary to order blocks espe- 
cially from the foreign manufacturers. 

With regard to the curious symbolism of Brewster's drawing, we 
can now explain, that the rays, after refraction, were represented as 
proceeding in lines parallel with the faces of the prism, as in Fig. 2, 
though with a triangular, or even with a square prism, this was en- 
tirely impossible. 

We do not wish to claim any originality in the use of a square 
prism, as above described, but only to call the attention of those inte- 
rested, to the practicability and success of the arrangement. The 
form devised by Mr. Zentmayer is, however, we believe, entirely new, 
and certainly most efficient, and he is entitled to all the credit of its 
invention. 
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(Continued from page 856.) 

THE MAGIC LANTERN 

AS A MEANS OP DEMONSTRATION. 

Having now pretty fully discussed the methods of preparing, and 
storing the oxygen and hydrogen gases, we will next proceed to de- 
scribe the best form of jets for burning them, first, however, giving 
some account of a simple gauge, to indicate the pressure employed on 
tho gases, which we have found of the greatest possible value and 
convenience. 

A mere inspection of Fig. 8 will make this arrangement plain, al- 
most without a description. The two bottles of two necks, such as 
may be obtained from chemical dealers, are blown from glass tubes, 
and hold about two ounces. The tubes are fitted to their necks by 
means of rubber corks, or short pieces of rubber hose used as corkS| 
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and by this means & perfectly air-tight joint may be secured. It 
is well also not to make the long upright 
glass tubes continuous throaghoot; bnt, 
having inserted short pieces in the bot- 
tles, to connect these with the prolonga- 
tions by short pieces of robber hose. By 
this means the risk of breakage to tabe 
or bottle is greatly diminished, and the 
ease of repair, should the former be frac- 
tured, is greatly increased. In practice, 
with much moving of the apparatus from 
place to place, we have never bad a bot- 
tle, and but seldom a tube, broken. We 
need hardly say that each bottle and tube 
forms a gauge to a separate gas, the pair 
thus shown answering for the oxygen and 
hydrogen, in an ordinary lime light. These gauges are fastened 
either beneath or upon the table uaed for the lantern. A small three- 
way, or T connection being attached at A and B, the gases dd their 
way from the reservoirs to the stopcocks which control the jet, exert 
a pressure in the bottles which is measured by the rise of the water 
in the tubes and D. The height of these tubes should be from 
twenty to twenty-four inches. A scale of paper pasted on a atrip of 
wood, placed between the tubes, serves to indicate the pressare regis- 
tered by each. 

These gauges enable one to make sure of the tightness of all joints 
in the connected apparatus ; or, if a leak occurs, readily to find its 
position. Thus, the jet being shut off, we bring pressure on the reser- 
voirs, gas-bags, or the like, and then turn on the stop-cocks leading 
from these, for a moment, closing them at once again. The gauges 
then, after rising, fall slowly if all is tight, though rapidly if there is 
a leak. Should a leak be indicated, turn on the gas from the reser- 
voir, a little ; then, pinching the flexible connections with the band, 
find where the gauge will stand when thus cut off from the reBervoir^ 
and where it will fall. Between these points will be the leak. 

The Jet. 

After very extended experience with jets of many forms, we hare be- 
come thoroughly convinced that the best and most satisfaotorr, both 
for economy and efficieacy, is the elmplest. 
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This form is shown partly in section at Fig. 9. It consists of a 
slightly tapering copper tube, of about one-tenth to one-sixteenth 
inch internal diameter, fitted into a screw-cap which is attached to a 
socket, in which meet and terminate the two tubes con- 
veying the different gases. The copper tube is battered ^^g- ^' 
in at the end, and then has a small hole drilled through 
the flattened portion, so that the outlet is of the nature 
of a perforation in a diaphragm. With such a jet as 
this (the form devised and used by Robert Grant, of New 
York), the light will be concentrated, intense and per- 
fectly reliable, so long as the pressures on the different 
gases do not differ by more than five or six inches of 
water, and are moderatly heavy, (ten inches of water, 
or over.) With great excess of pressure on one gas, the 
light will, of course, be bad, and if the excess is on the 
oxygen, there may be a snap or explosion in the jet, after which the 
flame will burn inside of it, giving very little light, and, of course, 
tending to injure the tube. This snapping, in such a case, is not due 
to the form of the jet. It will happen in any one in which the gases 
mix, even if the interior be filled with the wire gauze or other "safety" 
appliances. In the simple tube, however, the accident is easily re- 
paired, while with the more complex arrangements it is more apt to 
give trouble, and may even lead to some danger. Thus, if the jet of 
this simple sort snaps, we at once turn off the oxygen gas, or both if 
we please, and should feel obliged to it for calling our attention to 
something wrong, which was undoubtedly wasting our gas, or im- 
pairing the light. We then at once look to the pressure as indicated 
by the gauge, and will be pretty certain to find that adjustment Is 
there needed. More pressure on the hydrogen is required. Should 
the gauge say "all right," there may yet be two other causes of trou- 
ble ; a kink in the hydrogen connections, which will be shown by an 
immediate fall in the gauge, on opening that stop-cock to the jet; or 
a bad adjustment of the stop-cocks themselves: to this we come back 
in default of other causes. 

With these simple jets, then, all will go right so long as good con- 
ditions are maintained, and if these conditions are deranged beyond 
a certain limit, warning will be given which will oblige us to apply 
the necessary correction. Beyond this nothing can happen. With 
the free outlet furnished by the open jet, any mingling of the gases 
in the reservoirs is simply impossible while any light is being obtained 
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at the jet. If the pressures could be made so enormously unequal 
that one gas drove back the other, and entered its reserroir, there 
would be but one gas, and therefore no light, at the jet. Diffusion 
travels too slowly in narrow tubes to have any effect, where even a 
very tardy outflow is taking place. 

With the so-called " safety-tubes " between the mingling of the 
gases and the outlet of the jet, there may be danger. 

The great resistance which these offer to the outflow may enable 
somcmingling action to go on if the supply tubes are short and large, 
the stop-cocks wide open, and the pressures unequal. We have yet, 
however, to hear of an authentic case of accident from this cause. 

In one instance the jet snapped, and the retreated flame melted up 
the gauze and closed the jet. The stop-cocks being kept open while 
a new jet was being prepared, the gases, unequally loaded, mingled 
in one of the bags, which, on starting the new jet, gently exploded. 
This is the only case we have heard of in which the cause could not 
be traced to a badly ground dissolving stop-cock, careless mixing of 
gases in the same bag, or the like. 

The "safety-tube," we seriously think, can afford little, if any, pro- 
tection. The explosion of an oxyhydrogen mixture may occur 
through the best safety-tubes, on sudden relief of pressure, as has 
been shown by Prof. Ilare and by Dr. Charles Cresson, and, on the 
other hand, the resistance offered by the wire gauze, and like material, 
is likely to do harm. 

The best security is to adjust the stop-cocks of the jet in such a 
manner that they are neither of them more widely open than is neces- 
sary for the supply of the flame. Should the jet become overheated 
by the retreat of the flame, when it is not observed, it must then be 
cooled by a touch or two with a wet rag, or even by letting the hy- 
drogen flow through it for a minute, before relighting. 

Concentric jets, where the oxygen is supplied by an interior tube 
to the middle of the flame, are inferior for use in lanterns, because 
they produce rather a ring of light on the lime, than a single spot. 
This inferiority is most manifest in the gas microscope and polari- 
scope, where great precision in collecting and concentrating the rays 
is required. In the ordinary magic lantern it is less noticed, but 
even there shows itself in the greater consumption of gas required, to 
produce an equal effect of illumination. 

( To be continued. ) 
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^ ( Continued from page 868.) 

LECTURES ON ELECTRICITY AND LIGHT. 

Delivered before the Franklin Institute, by Prof. Henry Morton, Ph.D. 

Since the publication of the portion of this abstract which ap* 
peared in the last number of this Journal, we have learned from 
Messrs. Queen k Co. that the use of the internally silvered glass globe, 
there described, was suggested to them by Prof. Robert £• Rogers, 
of this city. 

Before leaving the subject of the development of electricity by fric- 
tion, it remains for us to give some account of that which is known as 
the Steam Electrical Machine. 

The development of this apparatus originated with an accidental 
discovery made by a workman who had charge of a steam-boiler at 
one of the collieries near Newcastle-on-Tyne, England. He found 
that when one of his hands was in the jet of steam which escaped 
from a small leak near the safety-valve, and the other hand was 
brought near the metal of the boiler, sparks would fly between the 
hand and boiler, and a series of shocks be at the same time experi- 
enced. 

This experiment was repeated, varied and extended, by Mr. W. G. 
Armstrong, II. L. Pattinson and others, but for a long time the true 
cause of the phenomena was not understood. Even Faraday at first 
supposed it to be the action ^^ already known, and by some ascribed 
to mere evaporation, by others to chemical action.'^ 

It was at last, however, found to result from the friction of parti- 
cles of water carried out with the escaping steam, and rubbing against 
the material of the orifice. And it was shown by Mr. Armstrong, 
«nd since, in various ways, by others, that like effects may be pro- 
duced with currents of air, and many gases, provided they are caused 
to carry spray of water with them as they escape. 

The history of the first discovery and development of this subject 
will be found in the Philo90pkical Magazine, vol. xvii., pp. 870, 452; 
vol. xviii., pp. 60, 93, 95, 100, 828; vol. xix., pp. 25, 88; voL xx., 
p. 5; vol. xxii., pp. 1, 486, 670; vol. xxiii., p. 194, and in thePMo- 
9ophical Transacti&m for 1843, p. 17, where Faraday has given a very 
thorough discussion of the theory and experiments. 

The apparatus required and heretofore used in the development of 
electricity in this maaner, is very simple. A steam-boiler, internally 
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fired, is moonted on glass columns, (see Fig. 10,) by which means it 
ia thoronghlj insulated. This course is adopted because it is found 
better to employ that portion of the electricity developed in the boiler, 

Fig. 10. 




Fig. 11. 



than the opposite kind produced in the' escaping steam, and which 
can be less easily and thoroughly collected from points immersed 
therein. 

This boiler is provided with a safoty-yalve and pressare-gauge, 
ss indicated, and also with a Urge stop-cock in the centre abore, 
to which is attached an horizontal pipe, carrying 
several nozzles of such a shape as reprcBented in 
Fig. 11. 

In this, the shaded portion in the middle repre- 
sents the interior passage. The projectioa into this 
passage, near its lower part, causes the jet to pass 
into tbat immediately above, in a cup-like form, by 
which means a more^ violent friction, betweeo the 
watery particles in the jet and the sides of the tube8,^ia secured. Thii 
interior portion should he of metal, the exterior, or cap, of wood. 
(To be oontiDued.) 
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c^ranhlin Jnstitutu. 

Prooeedingrs of the Stated Konthly Meeting, April 17th, 1867. 

The meeting was called to order with the President, Mr. J. V. 
Merrick, in the chair. 

The minutes of the last meeting were read and approved. 

The Actuary submitted the minutes of the Board of Managers, 
and reported that, at their stated meeting, held April 10th, inst., do- 
nations to the library were received from the Royal Astronomical So- 
ciety, the Royal Geographical Society, the Royal Institution, the 
Society of Arts, and the Institution of Civil Engineers, London, Eng- 
land ; TAcademie des Sciences, Paris, et la Soci6t6 Industrielle Na- 
tionale, Mulhouse, France ; the Geological Society, Quebec, and Maj. 
L. A. Huguet-Latour, Montreal, Canada ; Rear Admiral C. H. Da- 
vis, Superintendent of the United States Naval Observatory, and 
from the Superintendent of the United States Coast Survey, Wash- 
ington, D. C. ; the Ohio Mechanics' Institute, Cincinnati, Ohio; 
Mercantile Library Company; Dr. T. S. Kirkbride, Prof. Henry 
Morton, Messrs. Charles McManus and A. J. Demoret, Philadelphia. 

On motion of Prof. H. Morton, it was 

Ordered, that a vote of thanks by the Board of Managers of the 
Franklin Institute be presented to James Swain, Esq., for his exer- 
tions in promoting the interests of the Institute. 

The President read a letter from Maj. -Gen. G. G. Meade, asking 
the Franklin Institute to take action in regard to a monument to the 
memory of Prof. A. D. Bache. 

On motion of Messrs. Fraley and Wm. Sellers, it was 

Ordered, that the letter be referred to the Institute, with the re- 
commendation that a committee be appointed to take action in the 
object proposed. 

The various standing committees reported their minutes. The 
Special Committee on Experiments in Steam Expansion reported pro- 
gress. The Special Committee appointed to prepare a memorial to 
Congress, with reference to the establishment of a uniform Code o^ 
Danger Signals, reported progress. The Special Committee on th® 
preparation of a draft of ordinance to provide for the Inspection o 
Steam Engines and Boilers in the City of Philadelphia, reported their 
minutes. 
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The Secretary's report on Novelties in Science and the Mechanic 
Arts was then read. (An abstract of this will be found in the Edi- 
torial Department.) 

The following remarks, suggested by statements in the Secretary's 
report, were then made by Mr. Robert Briggs : 

Mr. Briggs, In regard to this particular case, referred to by the 
Secretary, I will state that we had, at the Pascal Iron Works, a bear- 
ing of the main shaft of one of our mill engines, which carried a load, 
not exceedingly heavy, only some one hundred and sixty pounds per 
square inch on the bearing surface; not more than proper to carry, 
but at the running velocity of forty-six revolutions, more than it could 
sustain without heating and rapidly wearing. After experiencing a 
great deal of trouble with it, putting in new boxes every three months 
as a regular thing, I removed the pedestal and put in a new one, in 
which the lower bearing was a hollow brass casting, through which a 
stream of water ran constantly, cooling it down to such a point that 
the lubricant used was not dissipated. By this means, we have been 
able to keep the box in perfect working condition without appreciable 
wear, while running night and day for about three years. I did not 
mention this to the Secretary as anything new, but only as an instance 
to show that the heat produced by the friction of the shaft upon the 
bearing was an important element, and that I did not think we would 
be justified in saying, without qualification, that there is any definite 
load to the square inch which a bearing should carry. 

We find that surfaces covered with oil maintain their oily character 
and loss of friction with much reliability for years. Take, for in- 
stance, an ordinary screw bolt, which is the simplest and most com- 
monly turned thing anywhere. Its velocity of turning is exceedingly 
small, the common load for the square inch of surface on the thread 
of the screw is from eleven to eighteen thousand pounds. Under 
that load per square inch of surface, a well oiled bolt, once oiled, re- 
mains so. At almost any time it can be turned backwards and for- 
wards, and can be used constantly and regularly without any undue 
resistance beyond the ordinary loss of friction — following directly the 
law of friction — the resistance of turning increasing directly with the 
load per square inch of surface. I name this as being the strongest 
possible case of a shaft having the minimum of velocity and the maxi- 
mum of pressure. 

When we come to apply the same conditions to ordinary journal 
bearings, the same rules obtain. The English habit of proportiomng 
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the bearings of shafts have been justified by the experience of many 
hundreds of mechanics, and are perfectly correct. Thus, it is an 
habitual thing for them to state that about once and a quarter the dia- 
meter of the shaft is abundantly long for the bearing. This law is 
correct if three conditions are complied with, viz : first, that the shaft 
shall be of cast iron where the diameter shall be exceedingly large 
as compared with its strength ; second, that its velocity shall be low, 
which is the condition of all English shafting ; thirdly, that many 
belts should not be used, belts producing heavy straining upon the 
surface of the bearings. Under these three conditions, the English 
rule is obviously correct in practice, and can hardly be impugned. 
We cannot apply the laws at present used in ordinary bearings for 
cotton machinery to propeller shafts, where the load to the square 
inch is light, and even where it is heavy on the main bearings of 
these shafts. We find we cannot increase the length without heating 
more seriously from the increase of length than we should have done 
by decrease of bearing surface. It has been a mistake with many 
eminent mechanics of exaggerating the length of the main bearings, 
and, as a result, finding they could not drive the engine. The pro- 
portions adopted in propeller engines serve as a very admirable guide 
for the proportions required under the circumstances, and they would 
be found, under examination, to show that the rate of velocity, as well 
as the weight, is to be taken into consideration. 

Looking at the matter in a more theoretical manner, we see that 
the box has to carry a certain weight under a given velocity, and to 
maintain a certain friction, producing a definite amount of heat. If 
the movement of heat be not dissipated by the external surface of the 
box, it will go on accumulating until it reaches some point at which 
the lubricating material will cease to be a lubricant. Our oils change 
in character under an increased temperature. Sperm oil, up to 180° 
to 200°, is a very fair lubricant. On the contrary, lard oil, at 110°, 
ceases to be a lubricant at all ; it flows freely from the sides of the box, 
leaving it comparatively stripped and naked, when an abrasion of ma* 
terial takes place with great rapidity, the box heats, and is gone. 
That which I want to state distinctly is, that the journal-box itself 
should, in some way, act in dissipating the heat generated by friction. 
Eor this reason, we find the weight of the box has some value. 

If the shell of a bearing is too light, or is too isolated from contact 
with its pedestal, if it be set in wood or other non-conducting material^ 
the chances are that, with a light load and with a low velocity, and 
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with careful lubrication with a good lubricant, it will heat excessively. 
On the other hand, a heavy shell well bedded in an iron frame, and 
exposed to the air, will disperse the heat of rotation or friction of a 
shaft, under unfavorable circumstances as regards load, or surface, 
or velocity. 

So far as the materials which constitute bearings are concerned, 
those which are the hardest, and which will not abrade into angular 
fragments, are those best adapted for forming both shaft and box. It 
is important that the materials should be such as will run with the 
least amount of friction upon each other. Thus cast iron upon cast 
iron does not behave so well as wrought iron on itself or on cast iron. 
Wrought iron on cast iron is admirable, but the moment either the 
velocity or the load becomes excessive, brass is far superior to cast 
iron, because it is a so much better conductor of heat. Pressure cannot 
be taken as the sole basis of friction. We have four or five kinds of 
bearings. The condition of a shaft turning upon a point or end sur- 
face is altogether different from that of a shaft turning in a box, so 
far as the lubricant is concerned. In the former case, the oil, by its 
very rotation, is carried from the centre outwards. On this account, 
in all fast running, and in fact in all running of vertical spindles, it 
is better to arrange gutters which shall permit the oil to enter the 
centre and pass out on the outside, running the whole end in a box 
of oil, and thus pumping a fresh supply every moment. There are 
some anomalies in regard to bearings which it is nearly impossible 
to explain. Thus, a solid box has a permanency, certainly, as com- 
pared with any parted box, which cannot be accounted for. 

I can hardly agree with the writer quoted by the Secretary, in the 
conclusions he has reached in regard to soft metals. The practice o! 
all locomotive constructors is to use a brass box, perforated with holes 
and lined with soft metal, and I am not prepared to admit that that 
practice has not the warrantage of some reason. To be sore, some 
of the soft metals hold fragments of dust. But while this is the case 
with some, it is not true of all. Thus, lead, which is a tenacious 
metal, (each particle of fresh lead, as it leaves its bed or matrix, ad- 
hering upon a new or exposed surface anywhere, sticking in one mass 
readily,) is one of the most admirable materials for holding grit and 
sand ; on the other hand, in zinc there is not the slightest tendency 
for abraded particles to re-adhere, nor does the metal form a lap to 

hold grit. 

The metal known as Babbitt's is one of the best soft metab knowi- 
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This metal is oomposed of tin, «inc and antimony, is comparatively 
hard, unshrinking in cooling, and will not hold grit to any injurious 
extent. 

Mr, Coleman Sellers said he would like to add a few words with 
reference to velocity and its eflFects. He instanced an experiment, 
made some years since, with a worm and worm-wheel hoisting machine. 
The machine had a constant and uniform load to hoist, viz : the 
weighed charges to the charging floor in an iron foundry. As first 
constructed and used, for a period of at least six years, hoisting at a 
given speed, and with the worm running at a given velocity, the engine 
driving the works was always slowed down by starting the hoister. 
In fact, there evidently was not power enough to work the machine 
successfully. A change was afterwards made in the machine, by 
increasing the size of the wire rope drum, to such an extent as to 
double the pressure on the worm and wheel, and therefore, to hoist at 
the same speed, the worm would have to revolve at one-half its for- 
mer velocity. This change, and it only, so affected the running of 
the machine, that hoisting the same load at the same speed did not, 
in any case, have any noticeable effect on the speed of the engine. 

In some experiments on screws, testing the principles on which 
they work, it was found a screw having one inch area, exactly, would 
work under seven thousand pounds to the square inch. It would pro- 
bably have operated well to eleven thousand pounds, but the pressure 
actually applied was seven thousand pounds ; while the pressure ex- 
erted to turn the screw should have raised a weight of nearly seventy 
thousand pounds instead of seven thousand. That is, the loss in fric- 
tion was enormous. 

In regard to the use of soft metals for bearings, for. a number of 
years I had experience in a rolling mill, and was very much in favor 
of what was known as soft metal, in all its various forms. After that, 
for several years, I was engaged in the building of locomotives, and in 
brass boxes drilled holes, and filled them with soft metal. All the 
packing rings in cylinders were filled with soft metals. A great many 
engineers, however, have done away with this, using brass for boxes 
for journals and steel packing rings in the cylinder. The advan- 
tage in the use of the solid box has been one which has struck almost 
all engineers who have had any experience. There are examples, to 
which I could point, of solid boxes having been run for a great many 
years, in one case fifteen years, showing no appreciable wear under 
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severe work. Yet, the convenience of the split box, of course, neces- 
sitates its use in certain cases. 

In regard to soft metals in rolling machines, I hope soon to have 
some very interesting information from the Superintendent of one of 
the largest rolling mills in the United States, in which soft metals 
have been used for many years, very advantageously. 

Mr. William Sellers remarked, with reference to the length of 
bearings tried by Mr. Corliss and others, and reported as not having 
been found beneficial, or positively injurious, that the length of bear- 
ing may have been more apparent than real. This would be the case 
if no precautions were taken to allow the bearings to adjust them- 
selves to the shaft. It is quite possible an increase of length in rigid 
bearings may prove detrimental, because the liability to bind upon 
the shaft will be increased with their length, but with bearings that 
adjust themselves to the shaft it is difficult, with our present know- 
ledge of the laws of friction, to understand how an increase of length 
could prove injurious. 

It may be interesting to state, with reference to vertical shafts, 
and the plan referred to by Mr. Briggs, of oiling them in the centre, 
that perhaps the first instance, certainly the first I know of, in which 
this plan was carried out, was in 1847, in a very large mill, in New 
England. The company had experienced a great deal of difficulty 
in running their upright shaft, at that time the largest in New Eng- 
land running at a high speed. I myself had gone to the mill, to put on 
a new step, upon the usual plan then in use, when, at the instance of 
Mr. William Mason, of Taunton, it was proposed to place a cast iron 
base-plate on foundations resting upon it, one of similar size, upon 
the shaft, making both very large, and so arranged that the oil could 
get up in the centre of the lower plate, and be distributed over the 
whole rubbing surfaces by groves on the revolving base, just as in a 
millstone. This plan was at that time very successful, and I have 
used it many times in my own practice since, with equally good 
results. 

One reason why the solid box may be better than the split one, 
would support Mr, Briggs^ view, and that is, the solid box will carry 
off the heat generated better than the split on€. 

Mr, Briggs. I cannot go back much further than 1845, '46 and 
M7, about which time I had cognizance of the difficulty mentioned 
by Mr. Sellers, and the remedy employed. But my own impression 
is, that it is a device known to old millwrights, who used many tot- 
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tical spindles. I cannot imagine that they did not overcome tbe dif- 
ficulty which they must have encountered in the manner mentioned. 

Mr. Coleman Sellers said : Oliver Evans, in his Millwright's Guide^ 
mentions the necessity of getting heat away from journals, and shows 
that when the gddgeons of water-wheels are not properly arranged 
to carry heat away, it will act very injuriously. 

Mr. Briggs. The first time I ever saw the great exaggeration of 
bearing so much used in America, was in some machinery erected by 
Thomas Hill, where the main line of shafting was run at a speed of 
two hundred and forty revolutions per minute. In that case, the 
length of bearings were five or six times the diameter of the shaft. 

Mr. William Sellers. It is possible, as Mr. Briggs suggests, that 
the kind of step I referred to as having been originated by Mr. Mason, 
may have been used by some of the older millwrights, but we always 
find that expedients are devised whenever the necessity for them is 
discovered, and I doubt whether any of the older millwrights had any 
such necessity ; therefore, I doubt the device having been employed 
by them. Their upright shafts almost always ran very slowly, and 
there are no records of any such step having been used by them. 
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ON THE CENTRIFUGAL GOVERNOR. 

Invented by David Shive, Esq. 

The Committee on Science and the ArtSj constituted bj the Franklin Institute 
of the State of Pennsylvania, for the promotion of the Mechanic ArtSj to whom 
was referred for examination the improvement in Centrifugal Governors invented 
by David Shive, of the City of Philadelphia, 

Eeport, That the improvement above named consists in so suspend- 
ing the arms or rods carrying the heavy balls, that they shall be free 
to move in a plane which occupies a position intermediate between 
one tangent and one radial to the circle of motion. 

The advantages v^hich it is proposed to secure by this means are 

as follows : Greater sensitiveness to slight changes of velocity, and a 

more prompt action as a result of this than can be secured by the 
ordinary form of governor in which the arms move radially, or in 

any other form heretofore employed. The reason of this superior effi- 
ciency in the points enumerated is stated as follows : Any chang 9 
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in velocity must act initially in a tangential direction ;^eDce, loot- 
ing at this point alone, if 
the arms wereQaupported by 
joints allowing a tangential 
motion, they would be in the 
beat possible position for al- 
lowing the change in rela- 
tive velocities^of the sopport- 
ing Joint and ball to cause a 
change in inclination of the 
connecting-rod, which is the 
means of operating tbe valve. 
For in this case the change 
vould act at once in the plane 
of motion allowed by the joint, 
and would experience DO re- 
sistance by binding or jam- 
ming of the joint or guide. 

If, however, the motion al- 
lowed by the joint were (as is 
usual) in a radial direction, 
then the first effect of a change 
of velocity would be to produce a pressure against the joint, and tbe 
outward or inward motion of the rods and balls would only occur as a 
secondary action or resultant of this resistance in the'joint and the 
change of relative velocity. From these considerations it might appear 
that, regarding the change of velocity only, the best position of the joint 
would be that which allowed a tangential motion. Such would indeed 
be the case if the normal condition of the governor were of rest, and it 
simply started forward or backward with changes of velocity. But the 
rotary movement of the governor when in use develops a centrifugal 
force which would cause a constant strain or binding in the tangential 
joint, and for this reason it is found heat to give the joint such a 
position that it will allow of a motion exactly half way between ths 
radial and tangential direction. 

In the opinion of the Committee, tho governor for steam engines 
above described is ingenious in its arrangement and thoroughly effi- 
cient in its operation, giving fur greater delicacy at low velocities than 
any other form of governor heretofore constructed, and being for this 
reasoQ of decided practical value. This form is, moreover, as umpk 
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in its parts, and as cheap in its construction, as that commonly em. 
ployed. 

By order of the Committee : 

William Hamilton, Actuary. 

Sub-committee of Examination: Washington Jones, S. Lloyd Wie- 
gand, Emile Geyelin, Robert H. Lamborn. 

Philadelphia, January 19th, 1867. 
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The Art of Perfumery, and the Methods of Obtaining the Odors of 
Plants, &c., &c., with an appendix on preparing Artificial Fruit, 
Essences, &c. By G. W. Septimus Piesse. Second American, from 
the third London edition. Lindsay k Blakiston, Philadelphia, 1867. 

The above work may be regarded as a hand-book and dictionary 
for the practical perfumer, offering him a vast amount of information 
as to the source and preparation of his ingredients, and many receipts 
and directions for their judicious combination ; together with a theo« 
retical discussion on odors and perfumery in general, by way of an 
introduction. With regard to this theoretical portion, we think that 
little can be said in commendation, though this, perhaps, is less the 
fault of the author than of the subject. About the cause of smell we 
know next to nothing ; theorizing is therefore dangerous, because un- 
guided. The particular theory here discussed and advocated, is that 
of an analogy between odor and music, similar to that which exists 
between light and sound. This is peculiarly upfortunate, for the little 
knowledge which we do possess as to odor, points in quite another 
direction. Heat, light and sound are all affections, or strictly, fno- 
tions of matter, all and any of which, in all their individual variations, 
may exist in the same body in succession, without necessity of change 
in its material. Thus an iron wire may vibrate in succession a thou- 
sand different notes, may then emit a thousand various temperatures, 
and may, lastly, be caused to radiate every sort of light, and yet be 
nothing but an iron wire from beginning to end ; but where is the 
body that will, unchanged, give us more than one perfume ? The 
reason is clear. Perfume is not the result of a motion, which any 
mass of matter may assume, but the consequence of some special pro- 
perty, some peculiar form and arrangement of atoms (we know not 
what) which belongs in each case to a special substance, and cannot 



424 BIBLIOGRAPHICAL NOTICES. 

be transferred to or from another. To arrange "smells," therefore, 
on a musical scale is a mere matter of fanciful and far-fetched anal- 
ogy, without the shadow of a support in scientific fact. Far worse is 
it to confuse known actions with assumed nonentities, and to com- 
pare the mutual absorption of volatile acids and alkalies (which, be- 
coming solid, in place of being gaseous, fail for this reason to affect 
the sense of smell) with the phenomena <5f " interference" in light 
and sound. 

These theories, we are happy to say, however, occupy but a small 
space in the present work, and whatever is deficient in them is largely 
made up in the subsequent portions, which are filled with exactly 
what those purchasing such a book would look for and expect to find: 
facts and not fancies, statistics, not similies. We first find, in al- 
phabetical order, full descriptions of all the perfume yielding sub- 
stances, and their mode of preparation, embodying the various im- 
provements which have been made in this direction, of late years. 
We have then, directions for the manufacture of smelling salts, per- 
fumes, essences, soaps, cosmetics, oils, &c., &c., with every detail. 
Among these we notice some novelties, which are curious. Thus, at 
page 340, we read of a cosmetic which, rubbed upon the cheek or lips, 
though colorless at first, gradually turns to a deep rose color, from 
the action of the air. Among many other valuable suggestions, we 
note the following, on page 368. Sponge can decompose soap and 
clog itself with the grease. When rendered useless by this means, it 
may be cleaned by soaking for twenty-four hours in a lye of soda, 
and after rinsing and a second washing in water with a little muriatic 
acid, will be restored to perfect condition. Of the typography and 
binding we cannot speak too highly. It is everything that the most 
fastidious author or reader could ask. It is, indeed, such as would 
do credit to a merely ornamental publication. 



Will's Tables for Qualitative Analysis. Translated by Prof. 
Charles F. Hiraes, Ph.D., of Dickinson College, Carlisle, Penna.: 
Henry C. Baird. 

There are some books, like some men, whom '^to name is to 
praise;" and, moreover, in both cases, the extent of the fame and the 
simple goodness of the subject, sometimes makes the duty of the critic 
far from easy. Everybody knows the great and good man. Uow 
shall we rehearse his virtues and not be trite, especially if his good, 
ness has kept him out of mischief and exciting incidents ? Somewliat 
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such as this is our embarrassment in the present case. Will's Tables 
are used almost universally in the Chemical Schools of Germany, and 
thus most of our chemical readers will know, directly or indirectly, 
already, all we could say in their praise. Then, being thoroughly 
good chemical tables, we can make no entertaining discussion on their 
assumptions and their theories ; for, knowing the duties of good tables 
to require eschewing of theories, &;c., they have all such things ac- 
cordingly eschewed. 

To every student of analytical chemistry, however, young or old, 
and to every instructor in this branch, we can say. Will's Tables have 
been admirably put into English by Dr. Himes, and are published by 
Mr. Baird, who, we hope, will be able to fill the orders, which will 
come in when this fact is known, as fast as they will arrive. 



Thb Art of Manufacturing Soap and Candles. Including the 
recent discoveries, &c., &c., and the making of Tallow and Com- 
posite Candles. By Adolph Ott, Ph.D. Lindsay & Blakiston, 
Philadelphia, 1867. 

From another publication, bearing the name of Dr. Ott, we see that 
he comes to this country from the University of Turin, and we have 
thus explained to us certain peculiarities in the use of words, or liber- 
ties taken with the etymology of our language, which we may allow 
in courtesy to a foreigner, though we should take exception to the 
same at the hands of a countryman. 

Making this little allowance, however, we shall find this work very 
clearly and pleasantly expressed, aud rich with much new material 
not before offered to the reader in any collected form. The last im- 
provements and patents in the branch of manufacture treated, are 
clearly and yet briefly stated, and many good wood cuts assist the 
explanations. One point we notice which needs filling up. It is stated 
that soda is prepared in Europe from cryolite. Our author is not, 
perhaps, aware that the Pennsylvania Salt and Alkali Company are 
importing and manufacturing six thousand tons, annually, in this coun- 
try. There are many points of interest connected with this saiQe 
manufacture, important to soap boilers, which we have not space here 
to relate. 
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